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MANNED ORBITAL LABORATORY TECHNICAL PANEL

FIRST PRELIMINARY REPORT

Section I
Introduction

The Secretary of Defense has recently announced a manned space
project which has been designated the Manned Orbital Laboratory (MoL).
The Air Force is to manage this project. The MOL program is to have
a twofold purpose; basically it is intended to assess man's utility
and ability to perform a military mission in space; secondarily, it
will include those military experiments which can make best use of the
MOL vehicle and which at the same time can be accommodated. Since
the National Aeronautics and Space Administration mey also enter into
the program, other than military experiments mey be carried. The MOL
program presents an excellent opportunity for the Navy to investigate
and establish man's usefulness in space in the performsnce of naval
missions. The investigations of the MOL program are intended to test
or check only those components or parts of a military system which
require the presence of man in space to determine the potential
usefulness of the complete military system which could follow.

At present the MOL program stands in need of Justification within
the Department of Defenseé ih order to obtain the necessary approvals
for the preparation of a complete technical development plan as a
first step in getting the program under way.

In order to prepare the Navy's plan for MOL experiments, by
reference (a) the Bureau of Naval Weapons established a MOL Technical
Panel composed of members from each bureau, the Office of Naval Research,
the Institute of Naval Studies, and such other naval field activities
or laboratories as were interested in or capable of making a contri-
bution. The Naval Research Laboratory was requested to act as host
activity and to designate the Panel chairman. The function of the
Panel was to generate in detail a series of space experiment proposals
suitable for flights on the MOL. A summary report recommending an
array of experiments and supported by preliminary cost estimates,
development schedules, experiment plans, and recommended sponsors for
each experiment (a Navy laboratory or a contractor) was to be submitted
to the Bureau of Naval Weapons for epproval and ensuing action to
assign specific follow-on responsibility and for funding support.

The first meeting of the MOL Technical Panel took place on
27-28 February 1964 at the Naval Research Laboratory under the chair-
manship of Dr. W. C. Hall of the NRL. Minutes of this meeting have
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been provided to all participants (reference [b]). Those in attendance
at this meeting as members of the MOL Technical Panel are listed in
reference (b).

While further meetings of the MOL Technical Panel will be needed
to complete the assignment of the Panel, the urgent time schedule
now being followed in the development of the MOL program makes it ad-
visable to submit a preliminary report at the present time. This
preliminary report will discuss in some detail the concept for
experiments bearing upon the Navy missions and provide all information i
that is available at the present time. It will also list briefly :
some of the more important work yet remaining to be done. The text F
of the report has not been circulated to Panel members for concurrence, i
again owing to lack of time, and hence represents the opinions and ;
work of only & smell number of the whole Panel. For this report,
therefore, the Chairman alone must accept responsibility.

o 1 2T R IR METP SN TR e b

The guidelines provided by the Navy for the MOL Technical Panel
were simply the following: that ocean surveillance, anti-submarine
warfare, and command and control missions were to be given primary
emphasis.

There were several approaches which could be followed by the
Technical Panel in performing its mission. It could proceed logically
to develop & series of experiments based upon concepts of the Navy
mission to provide global coverage of the oceans; thus the Navy is _
required to maintain glaoba} surveillance over surface shipping. }
Similarly it needs surveillance over the globe for submarine activity.
For both purposes it needs all-weather orbital sensors capable of
detecting the presence of and classifying ocean going ships and sub-
marines. In each case the same barrier to progress is reached, namely,
the inability of the present state of the art to provide sensors in
spacecraft capable of obtaining the necessary information for full
performance of the mission.

A second approach being followed by the Space Systems Division
of the United States Air Force is to study thoroughly all suggested
experiments which can be performed in the follovwing general areas:
(1) reconnaissance and surveillance; (2) other missions = including

satellite survivability; satellite logistics, maintenance, and repair; !
and finally satellite orbital command posts; (3) bio-astronautics;
and (4) general tests or general science.

The approach chosen by the MOL Technical Panel is a variation
of the second approach. Thus the MOL Panel chose to consider those
military missions which are now possible considering the state of the

2
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art, and of interest to the Navy. Each possible experiment needs to
be reviewed critically to determine whether it involves man in an
essential manner; it needs to be reviewed to determine whether it is

of unique Navy interest; it needs to be reviewed to determine whether
it is being done now by unmanned satellites. Table 1 presents a num-
ber of astronautic missions possible in the time period of 1968-1970
end of interest to the Navy. Opposite each of the astronautic missions
there listed may be found an appropriate comment.

Table 1

Astronautic Missions of Naval Interest

Ocean Surveillance ) The SAMOS Program of the AF
has been active since 1961.

Command and Control The STARLIGHT Report recom-
mended space-Oriented command
ships.

General Science NASA hes 0SO, OGO, OAO, &and
Explorer programs under way.

Communications TELSTAR, RELAY, SYNCOM, LOFTTI,
CQOMSAT Programs, etc., are now

T under way.

Electronic Countermeasures Of general interest to all
Services.

ELINT -

Meteorology Present major programs are TIROS,
NIMBUS, and the Operational Weather
Satellite.

Navigation TRANSIT and the ADVANCED TRANSIT

programs are under way.

Bio-astronasutics NASA has & series of six bio-
satellites planned.

(Continued on next page)
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(Continued from previous page)

Orbitel Defense . The DYNASOAR Brogram has been
cancelled for reasons of economy.

Naval Ocean Data Satellites NASA has a program for data collec-
tion satellites under preliminary
study.

Precision Delivery Satellites No Navy mission is now foreseen.

Logistics, Maintenance, --
and Repair of Satellites
Geodesy The ANNA Program exists to fill
this requirement.
Anti-submarine Warfare The state of the art is not
sufficiently far advenced.
* % ¥

The MOL Technical Panel received in all 89 experiment proposals,
or topic ideas, for Navy astronautic systems. The Panel assumed
that astronautics was to be regarded purely as a technology which
could be used to improve the capability of the Navy to operate globally
and maintain control of the seas. With this assumption, it arrived
at the grouping given in Mppendix B for these 89 experiments, and
shown by Figure 1. It will be seen that the two groups receiving
the greatest attention from the MOL Technical Panel members are those
of Ocean Surveillance and General Science.

}
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Section 1II

Ocean Surveillance

In view of the obvious importance of ocean surveillance to Navy
missions a separate study group consisting of Panel representatives
from the Institute of Naval Studies, the Applied Physics Laboratory,
the Naval Air Development Center, the Naval Research Laboratory, the
Naval Photogrephic Interpretation Center, and the Bureau of Naval
Weapons met at the NRL to develop further this topic. The problem
in ocean surveillance is to survey ships, harbors, and ocean lanes.

It is necessary to detect and classify all vessels found in either
harbors or ocean lanes. The problem is complicated by the fact that
the oceans are vast, that the targets are continuelly on the move, and
thet good data must be obtained to be useful. Tardy, incomplete, and
inaccurate data is of little value. It is obvious that an astronautic
system cannot supply the total requirement but only supplement other
means of maintaining ocean surveillance. It is probably true that

the Navy's problem is not the same as that of the AF or the Army.
Thus, the Navy's problem revolves around keeping track of ships on

a global basis. The targets are relatively large but continually on
the move. Hence, the naval requirement seems to be for a system of
nominal resclution and very wide coverage.

Any consideration of the problem of ocean surveillance must
begin with an understanding of the state of the art for the avail-
able sensors. Table II #ives in summary form the most essential in-
formation with respect to each possible sensor. Some changes may be
required in the final selections. It may be necessary, for example,
that an optical system be procured having a 96"-focal-length lens,
rather than the 48"-focal-length lens given in the table, to secure
the desired resolution of 12' and permit at the same time some degrada-
tion of performance of the camera while in the spacecraft. The best
choice for radar is similarly unsettled at the present time. Two

"possible choices are given: one with a rotating antenna system and

one without. Note that the radar system with the non-rotating antenna
leaves large gaps in the coverage of the earth below the spacecraft.
See Figure 2 for coverage obtained with the simple non-rotating antenna
proposed.

The concept for ocean surveillance developed by the sub-panel is
as follows: there must be advanced detection of all shipping targets
followed by classification by the astronaut, appropriate data process-
ing, and read-out by ground stations.

To perform the function of detection in advance of the satellite
the most promising sensors seemed to be radar, television, and infrared -
in that order. It is desired that this advance detection take place

6
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as long as one minute in advance of the time when the spacecraft is
over the target on the earth. At the orbital rate of travel of the
spacecraft this corresponds to 250 miles; thus the detection range
for the broadly scanning sensor systems should be approximately 250
miles in advance of the spacecraft. All-weather radar systems having
this capability can be devised. Television and infrared systems can
provide initial detection under favorable conditions where the
weather is clear or clouds are only thin or broken. It is recognized
that optical systems can also perform this function when the weather
is clear or when clouds are thin and broken; but optical systems of
high-resolution, particularly, are not as well adapted for automatic
searching of large areas as is radar.

After the target has been detected the next step involves classi-
fication. Here, provided the weather is clear, & set of binoculars
having variable magnification and directed by the astronaut to the
coordinates indicated by the advance detection means would be used
to find the target. If desired, then, through servo controls, the
high-resolution cameras can be caused to photograph automatically the
target under examination by the astronaut. The pictures would be
used for detailed study on & deferred basis. If the weather is not
favorable, then the astronsut must depend upon Other systems to de-
termine friend from stranger. The directivity of an IFF-type inter-
rogeting device operating from the radar antenna or a separate 5-foot
dish mounted on MOL is good enough to separate ship from ship under
most conditions. The ELINT'glso can provide from coarse to good reso-
lution and separate "friend' from "stranger." The same is true with
respect to ultra-high-frequency beacons carried by friendly merchant

shipping or aircraft.

The third part of the ocean surveillance concept is that automatic
position determination must be provided to the astronsut. This should
record automatically the coordinates of any target selected by the
astronaut. Such a system can be devised depending upon ephemeris
data carried within the orbiting capsule, a gyro-stabilized platform
and means for relating the position of the classification device or
camera with respect to the MOL vehicle attitude. There must be storage
of all classification information provided by the astronaut. It may
involve no more than operation of push buttons. There must be capa-
bility for command read-out of all data stored at such times as when
the MOL capsule is over a friendly ground station desiring such infor-
mation. Finally, there must be means within the data processing for
instructed search to be initiated by ground command and acted upon
by the astronaut. The command for instructed search given by the
ground stations may be stored automatically for delivery to the astro-
naut at the proper time in orbit.

TUSEGREL
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The astronaut may at times be saturated by targets; therefore,
data processing techniques must be employed to reduce this problem.
Automation must be provided wherever possible. High-resolution film
must be used to record the nature and position of selected visible
shipping and harbors and their contents for later study and classifi-
cation by the astronaut. Provisions for directed search and classifica-~
tion alds are needed to limit demands made upon the astronaut. The
several factors involved in the concept of the integration of the
hardware for this experiment are shown in Figure 3.

Figure 4 provides a view of the MOL astronaut engaged in ocean
surveillance using his search or detection equipment to illuminate
areas some 250 miles in advance for detection purposes and using his
optical and other systems for inspection of targets detected.

Three situations have been devised to illustrate the usefulness
of ocean surveillance capabilities which can be provided the Navy
by & manned astronautic system. Figure 5 is the layout for the first
situation vhich illustrates the problem of ocean surveillance with ;
respect to Cuba. There it is required thet an unfriendly country be
kept under surveillance to determine its shipping both in ocean lanes
and in harbors, and the departure ports as well as the terminal ports.
In the performance of this mission the astronaut provides the follow-
ing contributions: (1) he can be selective and look only for certain
kinds of shipping; (2) he cen concentrate on certain areas and spend the
whole of the time he is_in the area of & fixed target (e.g., Havana -
approximately two minutes) in surveillance of thet target alone;
(38 he can filter out a target from & low contrast or noisy background;
(4) he can give rapid response to a command for search, the time
required, if his orbit is over the target, being less than the orbital
period; (5) he can meke optimum choice of the sensors to be used; -
(6) he can optimize performance of the system by providing necessary %
adjustments; (7) he can improve reliability; (8) he can enhance e
accuracy. One further point in favor of man is that our capacity A
as a nation to orbit increasing paylosd, thus enabling man and his 3
necessary environment to be included, seems likely to improve at a o
faster rate in the next ten years than is our capacity to orbit |
reliable, sophisticated systems able to replace man. 3

Situation 2 shown in Figure 6 depicts & condition existing wher
directed search is to be instituted by ground command. In this case
an area of the Sulu See is known to contein four ships in the loca-
tions marked in red in the diagrem. It is also thought to contain
two ships in the general location shown in blue on the diagram. The
problem is to identify these unknown targets and provide their loca-
tion. The instructions to the astronaut can be stored in the date
processing equipment of the vehicle from any ground station over which

10
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the astronaut passes. At the eppropriate time the astronaut will be
given signals from his data storage to inspect the area outlined by
the dotted lines. If he is able to use the optical systems he is
likely to obtain ready classification of the targets. If he is forced
to use all-weather sensors then he can determine whether the unknown
targets are captured by his sensors, whether they are friends or
strangers, and their positions. If he is able to detect no target
but can see the surface areas whose coordinates are given he has pro-
vided information which may help to determine whether or not the un-
known targets are submarines. '

Situation 3 is depicted in figure 7. Here the problem is to
determine the trend in world shipping as & portent for some future
operation of an unfriendly power. The need is to inspect something
1ike twenty ports around the world, e.g., to catalog and count the
ships in ports and in lanes to these ports. The illustration chosen
is that of & northern port where certein lanes may be ice-closed.
With optical equipment in suitable weather the astronaut can survey
with high resolution the harbors and the approaches to the harbors
and classify shipping in these areas. He can also determine which
shipping lanes are open and which are closed by ice. If weather is
unfavorable he can count ships which are in the lanes using equipment
such as radar, IFF, ELINT, and beacons. At night, in favorable
weather, he may obtein a shipping count through the television system.
Here again man gives selectivity or the ability to look for only cer-
tein kinds of information; he gives the ability to concentrate on cer-
tain areas; he gives the capability for optimizing all sensors used;
he gives rapid response; and he can correlate and filter data. In
short, he provides more accurate, more reliable data.

: In Appendix A may be found & more complete development of the
‘3 Ocean Surveillance Mission for MOL. Following & meeting of the sub-
panel on Ocean Surveillance, Dr. R. A. Summers of INS and Dr. Roscoe
Bartlett of APL jointly prepared a report on the over-all concept.
Tris is found in Appendix A as Item 1, "MOL An Investigation in Multi-
Sensor Military Surveillance." APL. A revort on the use of optical
sensors was prepared by of NPIC.(Item 2). This
is supplemented by other material previously prepared at NPIC and
NADC on the problem of ocean surveillance by optical sensors
(Items 3 and 4). The radar sensor was studied by Mr. Irving Page of
NRL (Item 6). Mr. William Lee of NADC had submitted before the time
of the Panel meeting & proposal for surveillance by television (Item 7).
This has not yet been modified to incorporate the concept of advance
scanning ahead of the MOL vehicle. NADC also submitted early & pro-
posal for infrared mepping (Item 8). This, too, has not been modified
to incorporate forward scen. Mr. Samuel Hubbard of the Bureau of
Naval Weapons studied the question of surveillance by ELINT and
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submitted an experiment (Item 9). The use of IFF for sensors was looked
into quickly by Mr. C. V. Parker of NRL (Item 10). A very brief pro-
posal for a beacon experiment was submitted by NADC (Item 11). On

the urgent time scale followed in the preparation of this report little
more could be done to reduce inconsistencies and provide a complete
definition of the integrated plan for the Ocean Surveillance experiment.

Table 3 is a preliminary estimate of the total cost to fund an
ocean surveillance experiment on means for satisfying the naval mission
requirements. In summary, it is a system utilizing radar, optical,
television, infrared, ELINT, IFF, and beacon-type sensors. None of
these sensors alone can do the job. All of these sensors used intelli-
gently together can obtain great amounts of valuable information.

An estimate of the over-all weight of hardware for the ocean sur-
veillance experiment is included in Table L,

Table L

Weight Estimates for Ocean Surveillance Experiments

Component Weight
Integration and Data Processing 350 1b
Redar 1,500 1b
Optical Sensors. - 4 800 1b
Television 150 1v
Infrared 150 1b
IFF 25 1b
ELINT 200 1b
Beacon 25 1b

3,200 1b *

*This is a preliminary estimate only.

included.

¥* * *

Weight for
primary power and gyro-stabilization is not

There are a number of elements of the proposed ocean surveillance
system which require further study. For example, it is necessary
to determine whether the radar antenna can be a rotating one as is

18
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preferred or whether it must be fixed to avoid disturbing the optical
system. Secondly, it is necessary to determine whether the radar
antenna can provide the multiple usage capability required by the
IFF, the ELINT, the beacon, and the radar systems. It may be neces-
sary to provide a second antenna (perhaps & 5-foot aperture dish)
for use by the IFF, the ELINT, and the beacon systems to classify
the targets. Thirdly, it is necessary to determine how the optical
cameras can be made adequately directive. (It is considered that
an essential element of this system is that the camera should be
quite flexible in its ability to be trained upon any point on the
earth within 250 miles or so of the astronaut.) A fourth question
has to do with the need for a cemera of focal length of 98".

(The 48"-focal-length cemera will give the required resolution only
if it is operating at its meximum effectiveness. To allow for some
degradation of performence it may be necessary to use 98"-focal-
length optics.) The camera aperture may need to be increased from
12 to 18 inches. Schedules are yet to be determined. Much more
accurate cost data are required. The many interfaces between the
various sensors must be thoroughly exemined and properly related
one to another. Also, it is necessary to determine the cost in
effectiveness which will ensue to the over-all experiment if certain
portions must be omitted for one reason Or another.

19
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Section III

Command and Control

In the specific area of Command and Control the Technical Panel
received no experiment proposals of note. This is an unsatisfactory
situation because there is a problem which exists in this area. The
STARLIGHT Study (reference [c]) in particular recommended that the
Navy develop space-oriented commend ships. The obvious technicel re-
quirements for command and control posts, whether in space or on ship-
board, include data sensors and processors, means for communication,
means for presentation of information, and means for storage and response
to direction and command. The hardware already envisioned for the MOL
vehicle to perform the Navy ocean surveillance mission can take care
of surveillance, data processing, and communication functions envisaged
for the command and control function, and therefore will support the
Command and Control mission. However, no suggestions with respect
to specific experiments in command and control are provided herein.

It is suggested that sponsors be sought within the Navy to develcp
a sultable command and control experiment.

20
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Section IV

Communications

There is much work under way on unmanned space communication
experiments. There is still a place for special experiments,
however. The Navy has a wide interest in global communications,
hence the Technical Panel accepted a communications experiment propos-
ing further work in: VLF, ELF, and HF areas. This experiment will
check out the efficiency of global communication to & spacecraft on

p- H
; the opposite side of the earth from & ground station using VLF.
otonse i It proposes further to measure antenna impedances and propagation
oL b characteristics within the frequency ranges listed. Man can be
i very useful in tuning and adjusting the equipment to optimize the
ged E performance of the experiment and enhance its reliability and

Figure 8 provides a summary of the factors involved in
e communication experiment. Sponsors for the proposed experiment
include the NRL and NADC. A proposal prepared by NRL (Item 12)
as a part of the LOFTI progrem is included in Appendix A.

accuracy.

21
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Section VI

ELINT

In the area of the ELINT mission man cen provide selectivity
to examine signals which appear to be of most interest; he can fil-
ter out noise; he can provide better accuracy, and better reliebility;
end he can provide correlation of data in-put with respect to other
information. Furthermore, the manned astronautic vehicle is the only
manned vehicle now available for passage over foreign territory.
It therefore enables the development of capability for selective,
tactical, ELINT analysis which appears to be promising during the 1968~
1970 period. This is particularly so in view of the fact that man's
capability to lsunch larger payloads is presently increasing faster
then is his capability to launch highly relisble adequately sophisti-
cated unmanned systems to obtain some kinds of information which is
desired. At least four Navy laboratories could be selected as spon-
sors for a selective, tactical ELINT analysis project. These include
the NRL, the NADC, the NMC, and the NOL (White Oak). Costs of the
hardwsre needed for performing the experiment are included in the
estimates for the ocean surveillance system; however, some additional
funding may be required to cover costs of the sponsoring activity
for this particular experimental area. A summary of the factors
considered in the ELINT problem is given in Figure 10. Mr. Samuel
Hubbard, BUWEPS, has prepared & study of the ELINT problem, Appendix A,

Item 15 . . -

25
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Section VII

Bio-astronautics

In the mission area of Bio-astronautics there are several fac-
tors to be considered. In the first place NASA has planned the launch-
ing of a series of at least six 1,000-pound bio-satellites. These
are to be orbited for periods extending from 3 to 30 days. It is
also to be remembered that the directives for the MOL program state
that work in the area of bio-astronautics is not to be overdone.

Hence, the Panel considered that only those experiments should be
considered for naval participation in which the Navy can make some
unique contribution or has some special reason for performing the

experiment.

The summary included in Figure 11 shows that only three experiments

were selected in the bio-astronautics area. The first one of these
(see Appendix A, Item 16) is an extension of Project ARGUS in which
the Navy has been making at the Naval Medical Research Institute an
extended study of the capabilities of man to exist in small parties
of from 2 to 15 in number for extended periods of time in deeply
submerged vehicles which are completely cut off from mankind. In
such a vehicle man encounters many environmentel conditions which are
like those in space. Therefore, it is considered that the Navy can
make a considerable contribution to the national effort by relating
and extending its ARGUS stmedies to the MOL system. In the case of the
remaining two experiments on nuclear radiation monitors proposed

by the Naval Radiological Defense Laboratory (see Appendix A, Items
17 and 18), 1t is considered advisable that these be included in the
MOL vehicle because NRDL has certain advisory responsibilities to
DOD which require it to obtain first-hand information on the space
environment encountered by man. Also, in the case of the heavy-
particle dosimeter experiment proposed by NRDL (Item 17, Appendix A)
recovery of records is necessary for further study.

27
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Section VIII

General Science

The Navy has much capability in the area of General Science,
and consequently the Panel had many experiments to review. Those
ultimately selected are thought to have potential military value.
Considered first were experiments that are related to the MOL
vehicle and deal with space and plasme physics. For example, the
proposal of the NRL to study plasma surrounding the MCL vehicle
by scatter of RF energy is indluded (Appendix A, Item 19). Similarly,
the proposal to study by the use of probe techniques the density
and temperature of electrons within this plasma was included
(Appendix A, Item 20). The far-UV orthicon (Appendix A, Item 14)
was included because of its military mission interest, its need for
manned operation, and the inherent value of background information
with respect to UV radiation in near-earth space vehicles. The
airglow horizon photography (Appendix A, Item 21) was selected as
being of value because the airglow is a major phenomens encountered
by any optical sensor operating near the earth, and horizon sensors

are of considerable interest.

Of long-range interest is the cosmic radiation coming in to
earth and its direction of origin. This would be studied in one of
the experiments recommended, (Appendix A, Item 22). Also, of interest
is information on the white light corona about the sun and possible
sky surveillance of the area near the sun (Appendix A, Item 23).

The airglow spectroscopy made possible in the MOL vehicle is also
considered to be a valuable experiment (Appendix A, Item 2h).

Finally, photography of the solar planets and of the geology of the
earth using the camera planned for ocean surveillance from the MOL
vehicle is worthwhile. (It is true, however, that the camera proposed
+ill be only marginally effective for use in photography of the

tlanets.)

A much more complete study of the Navy proposals in General
Science has been prepared by Dr. William Faust of NRL (Appendix A,

Item 25).

29
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Section IX

Summary

A preliminary report of the MOL Technical Panel has been
prepared for submission to the Bureau of Naval Weapons as requested.
In all, the Panel received eighty-nine proposals or ideas for
experiments. From these were selected those experiments to be pro-
posed for the MOL program. The number of experiments submitted in
each area, the number recommended for support by the Navy, end the
preliminary estimates of costs for these experiments are given in

Table 5.

Major interfaces between these experiments exist on data
management, structural arrangements, vehicle stabilization and con-
trol, position determination, communications, etc. These require

further study.

The experiments proposed are within the state of the art and
can be orbited in the 1968-1970 time period. They are also well
within the payload capability of the MOL vehicle. :

Inclusion in the MOL program of experiments described here and
intended to study means for improving the performance of naval
missions is highly recommended.

. “Table 5

Over-all Summary of Experiments Recommended for MOL

Experiments Costs (Millions)
Mission Ares Reviewed Recommended FY '65 Total

_++v" Ocean Surveillance 26 .1 (8 parts) $2.75 $39.25

Command and Control 2 ? ?
+ Communications < -\ 3 1" E 0.60 2.0
ELINT 4 1 ¢ Included(?) Inclﬁded(?)
Bio-astronautics 14 3 . Eiij 0.30 3.25
General Science 35 10 & s-22 Q.70 6.85
89 - $56.00M* $59.00M*

*Preliminary estimates only. Not for budget purposes.
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MANNED OCEAN SURVEILLANCE SATELLITE SYSTEM

The Johns Mopkine University

aPPLIED PHNYSIDS LASORATORY
Sidver Soring, Marylend

A. INTRODUCTION

There are a number of sensors which might be used in

satellite reconnaissance and surveillance. In many applications

the sensors could be operated from an unmanned satellite and the

information telemetered for ground interpretation and use. There

are obvious limitations to such unmanned systems. The problem,

then, for MOL is to provide an overall sybtem 'in a manned satellite

which in terms of economy and usefulness is superior to the use of

a collection of unmanned systems. It is envisioned that this system

should complement and not supplant other ground and aircraft surveil-

lance systems now in use (Frontispiece). Study may show, however,

that some of the data acquisition and interpretation techniques now
employed might be better accomplished with a manned space station.
The intent in the following presentation is not to define the
ultimate or even the prototype manned military space station but
rather to define an experimental Manned Orbital Laboratory which

will be used for conduct of those experiments necessary for a defini-

tion of the prototype manned military space station.

The mdst obvious use of a manned military space station is
the surveillance of the earth for targets of military interest. This

surveillance requires at least two separate procedures; acquisition
and identification. To scan a meaningful percentage of the possible
earth surface viewable from the satellite will réquire relatively

low resolution devices. Once a potential target is acquired by one
or more of the scan sensors it must then be fixed by the high resolu-
tion sensors for identification. To accomplish this fix, of course,
will require either that the high resolution sensors be slaved to:the
low resolution sensors or that the coordinate position of the potential
target be known from the acquisition by the scan sensors and the
identification sensors be trained to the directed position. The
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method used will depend on whether one astronaut accomplishes both
surveillance and identification or whether the two tasks are
accomplished separately by a two man team. To accomplish identi-
fication it may be useful to provide a target image memory,. as by

photography for instance.

Even should one man perform both surveillance and search,
it will yet be necessary to provide a capability for target coordi-
nate position determination so that meaningful use can be made of the
acquisition and identification data. To accomplish this will require
the possession of at least two and perhaps three types of information.
It will certainly be necessary to know precisely the orbital parameter
This can be accomplished by tracking and orbit prediction and storage
of the predicted orbital parameters aboard the spacecraft. In additic
it will be necessary to know the inertial coordinatés of the sensors.§
This might be accomplished by tying the sensors directly to an inerti;
platform where inertial coordinates are obtained from tracking known
reference objects (stars, sun, horizon, etc.) orbital data and comput
tions. It may, hoygzgr, be necessary to physically separate the
sensors from the inertial platform so that the inertial orientation o
the spacecraft would be determined from one or more of the means for
inertial coordinate reference location and the pointing angle of the
sensors with the spacecraft also provided for computer use. The
computer would define the scan center in earth based map coordinates

- from the stored orbital parameters referenced against the inertial

platform.

In addition, the information will be maximally useful to
the astronaut by providing a visual display of the earth based coordi;
nate position of the target either continually or on command, The
computer, of course, would have such information continually availabl

on a real time basis.
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The essential information must on command be telemetered
to the ground. To reduce the telemetry requirements it might be
well to do some initial data processing aboard the spacecraft.

It is, of course, impossible at this time to define the

desired military space station configuration. The experiments

conducted on MOL should provide the necessary information for the
detailed definition of the prototype military space station.

B. ORBIT

To provide more uniform coverage if the swath width does
not give contiguous coverage at the equator, the period of the orbit
should be chosen so that it is not near an exact submultiple of the
earth's ratation period. In the range of altitudes considered
(125-250 n.m.) there is one synchronous period of 96 minutes corres-
pondong to a mean orbital altitude of about 185 miles. Most uniform
coverage will be obtained with orbital altitudes either near the

minimum 125 n.m. or the maximum 250 n.m.

Since this first Laboratory experiment is not the opera-
tional system, it is not desired that complete contiguous coverage

be obtained in each 24 hour period.

Further since the results obtained at a given altitude are
easily scaled for another altitude, it will be expedient to choose
the lowest orbit which will meet the task testing needs. This would

seem to obviously dictate the range of 120 to 150 miles.
C. SENSORS

1. Acquisition

The purpose of the sensors is to present to the man as
much information of the earth's surface as possible, limited both by
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the ability of the instrumentation available and the ability of the
man to assimilate these data. The sensors should include a small
low resolution radar whose purpose is to locate the larger objects
on the ocean, especially under cloudy conditionms. Without cloud '
cover the most effective instrumentation will be visual.

It is expected that a significant part of the target
acquisition phase may be accomplished with the naked eye. However,
there may be some advantage in having a low-powered binoculars at
about- three times magnification to assist in this process. There
may be some merit in extending the spectral range of sensitivity of
the observer by having an infrared sensitive viewing device. For
the dark side of the earth a sensitive television camera or image
intensifier may provide useful data.

The acquisition process in a dense target region
will be enhanced if the observer has an ability to check off the
targets in turn. In addition to a cursor which he may present in
superposition to tle* scene which he uses to center on each target
to store its location in the memory, when so located there should
appear a superposed marker provided from the computer and memory
which will stay locked on that target's geographic coordinates
independent of the motion of the telescope. His attention is thus
more easily directed to the remaining targets and his speed will be
significantly improved. '

There is another kind of visual signal which might be
useful. If the ground CIC is interested in certain ships, or suspects
certain locations, or can produce predicted locations of 1ntérestingf
objects, then this information can be inserted in the memory through
the ground command station. The observers can evaluate and update
these targets. This mode of operation may be the only practical way?
to perform the land surveillance, with two observers using separaterg
high power telescopes to provide the necessary resolution. For both.
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land and ocean surveillance telescopes pointing position is slaved
to the computer and programmed through the priority queues.

2. Classification and Identification

Identification instrumentation will be primarily a

high magnification optic system. Assuming that the acquisition

process has identified the location of objects, the only limitation
on magnification used will be governed by the ability to mount and

launch a large optical system,

The ocean identification problem can probably be
solved quite adequately with an optical aperture of about 8" giving
a resolution of about 12 ft. with a slant range of 700 miles (see
I1f a higher resolution were desired to make the device

Figure 1),
useful for observation of ground targets, for instance, a | ——_.

When one considers the problem of slew-

ing speeds the very great problem of providing a mounting platform
sufficiently free of vibration, larger aperture optical devices
become unattractive for these early experimental missions. Even a

24" telescope may impose overly stringent engineering requirements.
In addition to direct visual identification processes, there may be
advantages to photographing certain regions to be identified 1atér.

This may be especially important in regions of the North Atlantic

wvhere the traffic density is high. Both of these visual and photo-

graphic processes may be augmented by extending their spectral sensi-

tivity at least to the near infrared.
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Under cloud cover some additional information may be
gained from direction finding, spectral, and time pattern measure-
ments of electromagnetic radiations from ships. The EM frequency
spectrum extending from 100 kc to 100 kmc might be continuously
monitored by panoramic receivers. Continuous recording of the
receiver outputs on multitrack magnetic tape should be provided
in addition to visual display. An alarm system would indicate to
the operator which parts of the spectrum show unusual activity or
when éelected frequencies become active.

These receivers would normally be connected to omni-
directional antennas. Provision should be made for direction finding
by changing over to fixed spaced antennas at the lower frequencies
and rotating directional antennas at the higher frequencies.

The receivers should also have provision for more
sensitive examination of specific parts of the spectrum, with alter-
native demodulation, display, and recording facilities to permit
detailed analysis of the signal structure, identification of purpose
of the transmission, and possibly decoding.

To cover the spectrum from 100 kc to 100 kmc would
require about 10 receivers; the total weight including displays,
recording, etc., might be about 200 1bs. The weight of 10 omni-
antennas and 10 direction-finding antennas might run to about 100
pounds. The power consumption should not exceed 200 watts.

3. Minimal Optics for Ocean Surveillance

At an orbital altitude of 150 n.m. a good eye will hav
a resolution of about 200 ft. at the nadir (see Figure 1). If the
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maximum field coverage is t45° from this, the maximum slant range ;
is about 200 n.m. and the eye resolution drops to about 300 ft,

The complete swath is then 300 n.m. in width and at :
the orbital speed of about 4 n.m/sec. the area scan rate is 1200 i
n.m.z/sec. This is equivalent to a square patch of about 35 n.m. on{§
a side, which presents a field of view of about 13° on a side. If !
this patch is magnified in a low power wide field telescope (about %
the practical 1limit) the magnification will be 4.5 This calculation;
presumes that this telescope (or binocular) is mechanically scanned E
to dwell on this patch area effectively for one second, and that the%
preset program of scanning provides complete coverage of the full ;
swath without significant overlap or holes.

6

With a 4.5 magnification the resolution at slant rangi
becomes about 70 ft. which tends to enhance the ability to acquire
even small ships.

In fact this resolution may allow the acquisition
operation to include a coarse identification. This will be especia
useful in a high target density region since the coarse identificat}L
can then be used to provide a priority selection in the targest-to-gf

identified queues.

The acquisition operation is envisaged as a pointing ]
operation.. The observer superposes a reticule image on the scene 2_
and moves it into coincidence with the object and then operates a
button which stores this targets' geographic coordinate in a memory;
This operation may include very brief identification symbology (e.8f
big, fast, SE course). ‘ |

The identification phase may best be done as a separd
operation. The memory store feeds the objects to be identified to f
second observer on his command. He has a higher power telescope '1

A8
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resolution capabilities to meet his needs. If the resolution re-

quired on the scene is 12 ft. at the oblique view then this may be
met with a telescope aperture of about 2.5 inches. The eyepiece
choice which preserves best light will then give a magnification of
25 so that the field of view is 60/25 or about 2.4° which corresponds

to approximately 50 K ft. at a slant range of 200 n.m, This field of

‘view is more than sufficient to give good centering of the potential

target.

The job of the identification process is one which
will profit from well disciplined training. The observer must be
well conditioned so that the recognition process in the required

output terminology is automatic and fast. It is envisioned that he

controls centering to provide more accurate coordinate measures and
then without removing his eyes from the scene taps keys (as in a

stenotype) to characterize the target. When this is complete, he

then signals for the nextnjarget in the waiting list and repeats.

Acoustic signals from the computer can alert this
observer to the need for greater speed when the queue length starts
to build up too fast, but at the saturation density of the man
there should be deletions from the queue to preserve only the more
important targets as programmed by size, location, position with
respect to the sdtellite, or best viewing region.

D.  COORDINATE TRANSFORMATION AND PRESENTATION

The information obtained from the several sensors is oniy
complete if the position of the object can be defined as well. It
“ould interrupt the human and decrease his effectiveness in continuing
"1s search if he had to perform a complicated task of manipulation or
Computation in order to name the position of each interesting object

he¢ sees. Rather, this coordinate measurement job should be
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accomplished by automatic means so that as he centers his optics on
an object, a push of a button will provide the coordinates of that

object.

The implementation of this scheme will require that a ,
platform on the vehicle be oriented in a coordinate system. The :
most accurate reference will be an array of star trackers. It will
be sufficient to have two approximately orthogonal stars being
tracked simultaneously. Because these may, in the course of time,
be shadowed by the earth or moon, or blinded by sunlight, earth-
shine or moonshine, there will need be about 6 star trackers. It
would be wise for reasons or reliability to provide some alternate
references. These may include, horizon trackers, sun tracker, moon
tracker, X, Y, Z magnetometers, drift sight, gyro compass, RF array
referenced to ground station (Cubic Corp.). The pointing direction
of the telescope with respect to this inertial platform needs to be
known and if time and orbital parameters are known, the complete
geometric relations are q§fined;. To complete the system, a real-time
digital computer can correlate these data to provide the desired
coordinate information. This, of course, can be done for each of
several telescopes that may be in use.

This computer is the heart of the system. It should be
able to provide the present satellite position coordinates from
orbital elements or from interpolation of an ephemeris provided
from the ground. Then, referenced against the inertial platform,
it must solve some simple geometry to.define the scene center in
earth based map coordinates. This would seem to require a modest fﬂ
unit of possibly a cubic foot volume. ‘ ;

It would be useful to the crew to provide a direct analogue X’
display of satellite position with respect to a globe of the earth. :
The data necessary would be available from the computer.
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E. DATA OUTPUT AND COMMUNICATIONS

. Communications of several types will be required in the
MOL program. Obviously there must be means by which the astronauts
discuss problems related to their well being and logistics with
appropriate earth surface station. It will also be necessary to relay
particular information resulting from the surveillance operations

and other technical experiments carried aboard. It is desired here

to discuss the apparent requirement of the latter and more particularly

those involving ocean surveillance.

In order to transmit information gathered over a period of
time from perhaps as many as two orbital passes it would appear to
be mandatory to provide a storage capability and to encode the infor-
mation in digital or similar manner. Retrieval of the stored informa-
tion should be accomplished by ground command and rapid readout
capability. It should not be a requirement that the astronaut be
responsible for initiating such transmissions of information. It
may be desirable to ale‘é%ntinudusly transmit such information in
real time for use by friendly vessels and stations to gain an apprecia-
tion of the immediate local scene. Voice communication should be
reserved for indicating changes in the operating modes and procedures
which are of interest from the system planning standpoint.

Communications between the astronaut operations relative to
target surveillance should be in the form of symbolic visual displays
to the greatest extent possible. These should be either superimposed
on the field of view of the device being used or conveniently located
at the side so as to require the minimum of eye motion. It will likely
be necessary to supplement this with voice communication, but it would
appear desirable to minimize this in any way possible since it is
relatively inefficient and should be reserved for unplanned and/or

emergency procedures.
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1. Flexibility

One purpose of the MOL flights will be to discover
the most effective ways to conduct the mission and to this end it
will be necessary to try various approaches to the problem. Some
of these various methods can be determined ahead of time and planned
for, but it will be most likely that some new approach requiring a
new arrangement of the instrumentation may arise after launch and
there needs, therefore, to be a sort of a building block approach
to the whole instrumentation arrangement so that the instruments
may be used in various combinations.

F. EXPERIMENTAL PLANNING i

PR e

[

Parts of acquisition and identification tasks will be ¥
assisted by what amounts to automatic programming provided by the
computer. It is obvious, then, that we may need to reprogram this
automatic control as the task organization changes. Since the
essence of this whqlg‘experiment is to optimize the task performance ﬁ
of the man--machine system we may need to change the nature of the
data presentation to the man's sensors. Some of this can be planned,?
but again, the man may need to "rebuild" parts of this instrumentatio;§

2. Objectives

Ground based simulation  experiments can lead to vario :
combinations of operational methods to be experimented with. There !
are two distinctly different methods obvious at this writing which a&
need to be exploited. One method of organizing, the task may be to |
have the astronaut cover assigned sub-track swaths independent of
each other, and another task organization may be to assign one man ;
to provide the acquisition function, designating in geographic i
coordinates the potential targets, as his sole job. The second man{:L.
would then examine these designated positions in turn with greater‘%;
magnification to perform the identification. The efficiency of the;j
whole operation can be improved if we have more detailed measures 0??

the tasks involved.

K
4! ~
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Analogous to the time and motion study we need to
gather data about many kinds of tasks. In the acquisition we will
need to know the precision of target coordinate measure. We need:
to know the statistical measure of the ability to locate and identify
various kind of targets with varying illumination, sea state, etc.,
conditions. Related to these tasks is the question of symbolization
or language that needs to be used to efficiently and concisely conmpile
the results of the acquisition and identification.

‘ In general, there will be limitations in behavior of
both the instrumentation and the man. A sensible system will only
arise from a measure of these parameters in orbit. The task of this
satellite system will have to be performed under the enviromnmental
conditions that are found to exist. For instance, there will be a
certain number of ships that must be located on a given pass. They
are there. The illumination may vary from high contrast to low con-
trast and cannot be changed. The preqbure to have complete, or
nearly complete,;coveragg'afquireg that a large area be searched in

a given time.

The sun may be in a favorable location or it may not.
The sea stafé will vary in many ways. When it is smooth enough,
ships wakes may stand out élearly. The most perturbing thing will
be intermittent cloud cover. Some of these problems can be simulated
in a ground experiment. 1In fact, it will be essential to try to be as
realistic as possible in this preliminary ground experiment. Many of
the questions which we are unable to answer at the present will be
answered through these preliminary experiments,

G. SPACECRAFT ORGANIZATION

1, Characteristics and Stabilization

The nature of the equipment and their use dictate some
features of spacecraft design. It is assumed that the general .launch
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configuration of the MOL will be determined by mating requirements j
with the Titan III booster and the modified Gemini capsule. The :
suggested orbitél configuration briefly described here then would
be erected after injection into orbit. '

It seems clear that the spacecraft should always
present the same face to the earth to avoid excessive complication
in equipment design. Since high resolution sensors will demand a
very stable platform to optimize observation and recognition, it
would be desirable to provide the overall spacecraft with as high
a moment of inertia as possible about each axis of rotation. In
addition to keeping the same face of the satellite facing the
earth it would also be desirable to know the alignment of the major
satellite axis with the orbital path. Many of these requirements
can be simply achieved with a gravity gradient stabilized satellite
asymmetrical about the Z axis. This would assure one face 6f the-
satellite to continyally face the earth, would align the major axis
of the satellite body drthogonal to the Z axis in the plane of the
orbit, would markedly increase the moments of inertia, thus providing:
a more stable platform and would much reduce the weight and power
penalty required for stabilization as compared to an active system.

It may also be attractive to make use of active systemsg

to act as vernier devices to correct for small perturbations to the

angular rate of the spacecraft. A combination of rate sensing and
the controlled ejection of by-products of the life support system
may provide an inexpensive scheme for accomplishing this. Active
systems, including inertia wheels could, of course, be used for

spacecraft alignment for deorbiting and other special maneuver by
simply overriding the gravity gradient torques.

2, Power Supply

Y .
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high level of reliability and flexibility should be guide lines in

the power system design. While it is not felt desirable to specify

he 19 the particular method of energy conversion at this point, considera-
i

2nts

a1d : tion of use of features of the life support system may be found to

'é be attractive.
S f‘ The requirements of the electronic devices associated
tion 'i' with the ocean surveillance experiment may approach a value of 10
da - kilowatts peak and perhaps 2 kilowatts average. This, combined with
it z the balance of the MOL power needs would suggest the use of fuel
igh - cells or rotating machinery, for a mission of a few weeks duration.

In 1? For an extended mission consideration may be given to a nuclear power

= source. An independent 1low level, emergency back up power source

major W will, of course, be a requirement.

nts ;

llite § H. GROUND STATIONS

the:

axis While it is possible that certain information of interest
the ,él to the ocean surveillanqe‘fxperiment may be transmitted to the net-
oviding 8 work of ground stations deployed about the earth for monitoring the
wer ; astronauts' well being, the majority of information of interest to
stem. ":?_ the ocean surveillance experiment should be relayed to one or two

: ground stations equipped primarily for that purpose., Such a station(s)

systemsf s should have the ability to command the rapid read out storage device
o the :g abcard MOL, to reduce and/or distribute such information in the

and : ] desired manner and to inject any orders in the form of a coded message
tem ] into the spacecraft. The latter could include a request for observa-
ive ;  tion of targets of known geographical position during subsequent

r 4 orbital passes. These stations must also have a voice communication
by ‘ Ccapability so as to receive and transmit information of a non-roufine

- or unplanned nature.
] As was mentioned in a previous section, it may be desirable

jesigned ' ' continuously transmit information in real time to furnish friendly
v that a¥ Users an appreciation of the local scene on an immediate basis. If
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this is desired, a receiving and data reduction device of a some- ;
what simpler character than that at the primary station would be ?!
provided. Such an instrument may be practical for reasonable sized
vessels and aircraft having special interests. No transmitting
ability wculd appear to be reduired for such an installation.

I. CONCLUSION

To physiologically support man in space for protracted
periods of time will be extremely expensive and the expense will
be further increased by his psychologic support demanding short
duty cycle and long terrestrial furloughs. A manned military mis-
sion is justified, then, only when the objectives can be met more
economically and in a more timely fashion than they could with un-
manned systems. One must inquire, therefore, for those functions
whose performance by the human represents a degree of excellence
presumably not attainable competitively by unmanned systems. The
unique human power of inquisition, observation, synthetic appraisal,
judgment based on a lehrned art as well as on objective parameters,
the dynamic range of the human sensors.and the data correlation and
rejection capability of the human brain offer an overall system
performance that does not appear to be attainable with unmanned
systems. For vision alone, for instance, the telemetry of the
‘necessary fidelity would require a telemetry capability an order
' «f magnitude greéter than that projectéd as being available in the
next five years. When color vision requirements are added the f
telemetry task increases twofold. Earth reconnaissance and surveil—f
lance, particularly cver the ocean, may well be accomplished in a f
superior fashion by a manned military space station as compared to
unmanned systems. The MOL series of experiments should provide the %;
necessary information for making a definitive analysis of the rela-i;
tive effectiveness and economies. ¥
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APPENDIX A

MOL STABILIZATION SYSTEM

After an appraisal of competative systems it appears that there
would be considerable advantage in providing the MOL with gravity gradient
attitude stabilization.

A conceptual scheme for a boom/vehicle arrangement is shown in

A 200 foot long extendible boom of approximately 4 inch diameter

Figure 1.
Most of the 320 1lbs.

would be used with an end mass of approximately 320 lbs.

could be in the form of a damper possibly of the type that has recently been

used by the General Electric Company on an NRL satellite. The boom would have

3 or 4 layers of 15 mil thick beryllium copper tubing. Booms of this type

have already been developed for spacecraft applications by the DeHavilland

Aircraft of Canada, Ltd. If we take a set of coordinate axes for the space-

craft such that the X axis is in the direction of motion of the spacecraft,
the Z axis is along the ‘exfendible boom, and the Y axis direction is taken
to form an orthogonal set, then for this configuration the approximate

moments of inertia will be given as follows:

1= 40,000 slug-feet?

Iy = 50,000 slug-feet2
1, = 10,000 slug-feet’

These moments of inertia are sufficient to give an adequately large
restoring torque under the forces of the earth's gravity gradient. Further-
more, by having I # I>>I we not only get a restoring torque in the verti-
cal direction, but we get an additional torque which will cause the long axis

of the spacecraft to be aligned in the plane of the orbit. The magnitude of
The magnitude

These

the maximum torque in the vertical direction is 0.72 inch 1lbs.
of the touque contr2:llirg yaw motion of the satellite is .06 inch lbs.
should be appreciably larger than any other perturbing force on the satellite,
with the possible exception of aerodynamic forces which could be made to

supplement these restoring torques.
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One problem that.might be encountered is due to motions of the men
within the MOL. A fair approximation for a 150 1b. man is that he has a
moment of inertia about his center of gravity of 20 slug-feetz. Should the
man do a maneuver in which he turned 180 degrees, the ratio of his moment
of inertia to the spacecraft's moment of inertia is so small that this would
cause a motion of the spacecraft of something less than 0.1 degree.

It would probably be advisable to provide the MOL with some cold
gas jet system for additional attitude control. However, the provision of
3'axis gravity gradient stabilization system would drastically reduce the
demands on the cold gas jet attitude control devices.

The telescope for ground surveillance must however be mounted on a
gyro stabilized platform. This is because even a 0.1 degree rotation of the
spacecraft will cause an apparent motion of oomeching being obgerved on the
earth surface that is well beyond the resolution that is desired for this

system.

A-20
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APPLICATIONS OF THE CORNUCOPIA CONCEPT TO MOL

Cornucopia is the name given to a novel congept for extending
the utility of storable rocket propellants to include life support
and other essential services in the space environment. Initial
feasibility studies, heretofore unreported in the literature, have
recently been conducted by The Johns Hopkins University, Applied
Physics Laboratory under the sponsorship of the U. S. Bureau of
Naval Weapons. The potential applications to MOL appear particularly

attractive.

[astinroucattp et

[RESESENGD-4 Svioviin: IR

Most of the presently contemplated manned space missions
involve some impulsive maneuvers by the inhabited vehicle, typically
calling for the variable impulse and'multipie restart capabilities
of liquid chemcial rockets. This could apply to the initial MOL,
which may require small thrust producers for attitude control or -
station keeping purposes. It will certainly apply to follow-on
missions that call fof ;éndeZVdus,docking, and other maneuvers -
associated with periodic re-supply and crew transfer. It appears '
that such missions will call for earth-storable propellants and a
two-gas cabin atmosphere, but might not justify a fully regenerative
life support system or a nuclear power source. Such cases represent
a considerable qhantity and variety of vital fluids, including the ‘
liquid bi-propellants, potable water, atmospheric oxygen and nitrogen,f
any necessary coolants, and whatever reactants might be needed for 3
electrical power generation. This tends to create a formidable
over-storage problem, since the supply of each separately stored
fluid must include some individually determined margin for uncertainty
or emergency reserve. Also, the inherent inefficiencies of multiple
tankage incur additional penalties in hardware weight, volume and i
complexity. Clearly, a substantial consolidation of on-board fluid a
storage requirements can pay off handsomely in terms of system

performance and habitability. 3. -

A-22 ¥
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An extremely promising approach involves the use of
hydrazine and hydrogen peroxide as a storable bi-propellant
combination. Egually promising in certain applications is the
hydrazine/nitrogen tetroxide system. The suitability and attrac-
tiveness of these liquids for space propulsion and attitude control
is well documented, but more exciting is the abundance of poten-
tially useful products from their oxidizer-rich combustion in a gas
generator. Always present are interestingly large quantities of
potable water, plus gaseous oxygen and nitrogen in virtually any
desired proportion, depending on the selected mixture ratio. The
released heat and kinetic energy are available for electrical
power generation, thermal management, and a variety of mechanical
functions. Figure 1 illustrates the foregoing in a representative
block diagram, while Figures:2 through 5 plot the basic chemical
and thermochemical relationships from which estimates of performance

in specific areas may be derived.

Figure 6 schematically depicts one scheme for the genera-
tion and control of a two-gas cabin atmosphere in zero gravity, while
Figures 7 and 8 indicate the mixture ratios required to maintain
various atmospheric compositions under widely varying conditions of
overboard leakage. Figure 9 presents the corresponding requirements
for total reactant flow rate. Figures 10 and 11 similarly plot the
generation rates of by-product water and thermal energy. A possible
side process of thermal management is suggested in Figure 12 and
Figure 13 illustrates a method of extracting electrical power via
turbomachinery. The tabulated data in Figures 14 and 15, coupled
w¥ith a fair assurance of subsequent shifting equilibria, attest to
Physiologically acceptable concentrations of combustion-generated

Impurities.

Particularly worthwhile in the MOL application would be
the substantial atmospheric flush rates that accompany power genera-
tion. These high rates would effectively solve the otherwise critical

A:23
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problem of contaminant build-up at no extra cost in weight or
complexity. They would also provide a free source of additional
low thrust (from the expelled atmosphere) that could conveniently
be directed for attitude control or station keeping purposes.

Another intriguing opportunity involves the integration
of space station fluid usage with that of the shuttle vehicle. It
appears quite reasonable and attractive to visualize the unburned
reserve propellants aboard each arriving shuttle as usable supplies.
for station operation, and vice versa.

It is therefore suggested that the Cornucopia concept be
introduced into the MOL program, first as a passenger experiment,
and perhaps later as an integral element of the space system.

A-24
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3 March 1964

MEMORANDUM
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§

From: M. Douglas, NPIC
To: Dr. W. C. Hall, NRL

Subj: Comments on MOL Ocean Surveillance

1. Iarget Search.

The astronaut should be provided with high quality binoculars or a 3}
telescope for target search. This viewer should have a continuously varii .
(zoom) magnification capability to assist the astronaut in target evaluat{®
once detection is achieved. The viewer and aerial camera should be coordf?
("slaved"), so that the optical axis of each continuously tracks the same §
location on the ground. This would insure that photography of a selected YR
target is obtained when the camera is activated by the astronaut.

The astronaut should be assisted in target search by one or more sensogy
such as radar or IR, which would provide advance warning and acquisition OL}
targets of opportunity on the sea surface. The optical system, on command 3 ¥
the astronaut, could be guided "on target' by the electronic sensor(s).

2. Aerial Camera.

The camera selected for the MOL experiments, as a result of the great
altitude (150 n.mi.), will of necessity be of the long focal length type. X
focal length shorter than 48", producing a nadir scale of 1:228,000, would b
acceptable; To improve the photo interpretation capability a longer focal
length would be highly desirable, and may prove to be essential.

5
: |

The system resolution of the camera must be of the highest order possibli
with 100 lines/mm representing a minimum in-flight goal, rather than a static
bench test rating of a lens. This stringent requirement is necessitated by 3
the small image sizes of most naval vessels on satellite photography; for
example, a destroyer imaged on 96" focal length photography at the nadir wou
have length-width dimensions of only .00368 X .00036 feet.

o g

v

A

%

Associated factors, such as image motion, must be carefully considered to;
prevent the introduction of serious degradation effects on the film imagery. i

3. Aerial Processor.

- Y A et

The aerial processor is the final link in the MOL photographic system. 1
terms of photographic interpretation it is equally as important as the camera,!
since high quality imagery achieved by the camera can be drastically degraded *
during the processing stage. The aerial processor ultimately selected for the
MOL should have a proven resolution capability of 100 lines/mm or greater.

A-40 .
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4. Summary Statement.

It is realized that the camera and processor requirements as stated
reviously are severe. It must be recognized, however, that the photo
interpretation requirements for ship surveillance are equally severe. In-
sufficient scale or image quality could quite easily result in a total lack
of even a minimal P.I. capability with respect to shipping in the MOL. For
other categories of Naval interest, such as ports and coastal conditions, the
photographic requirements are much less stringent and useful information could
be obtained with less sophisticated camera systems. These latter categories,
by virtue of their large size and fixed position, present a greatly simplified

reconnaissance problem.

The present state-of-the-art in aerial reconnaissance is deemed adequate
for the development of an MOL photographic system suitable for Navy require-

ments.

Wl

. MELVIN DOUGLAS

(If we can assist in any further way, please let us know.)
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PROPOSAL FOR A PHOTO INTERPRETATION EXPERIMENT
TO BE CONDUCTED IN A ONE-MAN GEMINI SATELLITE

1. BACKGROUND.

Unmanned orbiting and deep space vehicles (TIR0OS, MARINER, RANGER, ete
have demonstrated a capability for gross aerial surveillance and reconnais<
sance. It is reasonable to assume that in the not too distant future ;
improvement in the transmission system will permit the scanning, transmissi
and reconstitution of high quality images. However, it is felt that these j

images will not be able to match the resolution of modern film emulsions fof
many years to come; even with the benefit of speccacuIar advances.

Further, it can be assumed that by proper programming, a reconnaissance i
satellite could obtain and transmit intelligence of a given target at a ‘
given time. Advance programming, however, does not readily solve the probleg
of ﬂgg:gggi_gg~22%25532}ty." In addition, programming cannot readily solve
the problem of selectivity - that is "old" or "cancel' coverage of target
areas which are obscured by weather. Human judgement may also prove valuabl
in descriminating areas of significance vice general coverage which would

result in large quantities of sensor records, of which only a relatively
small amount would be of real value.

In view of the above, it appears that it may be desirable to test the
capabilities of a man in the space vehicle. If he can adequately interpret
and analyze high quality sensor records and report his finding to earth, it
may prove a valuable step in determining to what degree human judgement is
required "on scene" in a space vehicle or whether equal value can be obtained
by decisions made on earth from unmanned sensors. Further, it will provide
interim investigations into real time operations until high-resolution, high-
quality transmission of sémsor records becomes a reality. -

2. DESCRIPTION OF PROPOSED GEMINI TEST PROGRAM.

A ek ikl

The two-man GEMINI capsule, with photographic equipment substituted for
one man, would be utilized for testing the ability of an astronaut to conduct
visual search, visual target analysis, and photographic recannaissance
functions in space. The astronaut, with the aid of optical devices, would

suncero ;

seck out and study targets of Naval interest such as shipping and coastal
activities, as well land targets of interest. To maintain control in the
test program, certain pre-selected targets and areas would be assigned the
astronaut as well as targets of opportunity, thus permitting a more definitive
ecvaluation of human performance with respect to known object characteristics.
Once objects of significance were visually acquired, the astronaut would
activate a high quality reconnaissance camera under his direct control and
obtain photographic coverage. Equipment for in-flight processing and viewing
of the film would be provided to permit in-flight interpretation. The

FVREY Yoerovmrr ¥ 1)

Downgraded at 12 year intervals;

Not automatically declassified. A-42 m




etec. )i
aais= |

aission
1ese
1s for

sance |

>robleng
solve
rget
iluablel
11d

4

:he
‘pret
L, it %
cis 3
ytained!
wwide
high=}

. for %
.onduct

uld

al

‘he

the 1
initive
stics.
q !
and :
iewing

information obtained from the photography could then be transmitted to the
cognizant ground station through standard radio communication channels, or
could be acquired in written form upon recovery of the capsule. This
information would be compared with that obtained from analysis of the photo-
graphy at NAVPIC, and from known data on the pre-selected targets. The
results of the test program would indicate:

a. The value of in-flight human judgement in a space surveillance
system. i

b. The cagabxllgifs and lxmztatlons of optically-aided visual search
and target analysis.

c. The level of information obtainable from jin-=f it _photographic
znterpretatzon, when compared with ground analysis at NAVPIC.
d. The relative merits of visual vs. photographic surveillance.

e. The value of real time intelligence reporting.

3. RECONNAISSANCE CONSIDERATIONS.

a. Objects of Intelligence Interest.

Ocean surveillance, or more specifically the location, identification,
and course of ships is of obvious concern to the Navy. Since both manned and
unmanned satellite surveillance systems for ship reconnaissance are being
considered by the Navy for possible development, the performance of the
GEMINI astronaut would provide guidance for future planning in this realm.

An astronaut, with the aid of high quality optical viewing devices, should

be capable of detecting shipping of varying categories and photographing
vessels of interest. The typical dimensions of some U. S. Naval vessel
classes are given in Table I and will be referred to in a later paragraph.

It should be noted that ship's wake is a valuable detection aid in most cases
and will be of special significance in detecting ships of small size.

Coastal targets, such as ports, by their nature are geographically
leed an&’”’éEEEE'no great problem to “surveillance from spacg. Pattern

ysis, n06~33531b1e with individual objects such as ships, will assist
che astronaut in his study of coastal facilities.

The successful detection and analysis of land targets of intelligénce
interest (new missile sites, for example) will be dependent upon the usual
reconnaissance factors: size, shape, contrast, degree of conceclment,
associated clues (smoke, road networks, etc.) and others. Interruptions in
the predominant land use or vegetative patterns will serve to direct the
astronaut's attention to locales of possible military activity.

A-43 : “CONFIENIIAL
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TABLE 1

TYPICAL U.S.N, SHIP DIMENSIONS (FEET)

Overall Length

Overall WidH
CVA(N) 1100 252
Cva 1039-47 252
CGN 721 73
CA 716 . 75
CL 610 66
DD 418 45
SSBN 410 33
SSN 278 31
SS 312
b. Basic Data ’

27

The proposed GEMINI capsule will operate at an orbital altitude of &
150 nautical miles. Table II presents some pertinent photographic data withi!
respect to surveillance from this altitude. (Scale data:are for center of 1
format and are approximate for high tilts).

TABLE II
PHOTO DATA FOR 150 N.M, ORBITAL ALTITUDE
CAMERA TILT SLANT ARC 12" FOCAL LENGTH
ANGLE RANGE(N.M)*  DISTANCE(N,M.)? X_SCALE® Y _SCALE*
0° 150 0 1:912,030 -
30° 174.5 87.3 1:1,060,995 1:1,216,0373%
60° 322.8 279.8 1:1,962,688 1:3,648,1117
73%922'27" 1026.6 997.6 1:6,241,933 - 3
(Apparent horizon)
24" FOCAL LENGTH
X SCALE Y SCALE
1:456,015 -
1:530,498 1:608,014
1:981,344 1:1,824,060
1:3,120,966 -

lpiscance from camera to intersection of optical axis with surface of earth
2pistance from ground nadir to above intersection.
SScale parallel to horizom.

“4gcale perpendicular to horizon.

e

A-44 ONF

CUINT

IDENTIAL




e of
1 wit

s of

I

—- O
- W
Lo

o o
-

-

e ot AL o e a -

— i s RN e ae

4 SN M bt ] el ape $ 2 & s #e3 Eaamase & 11 R OTE I NS, -

& The area of coverage of a photograph is dependent upon photographic
¥ ¢ormat, focal length, camera altitude and attitude in space. Table III
. jrovides ground distance data with respect to the principal parallel (x axis)

1 of a photograph of zero swing (70mm format).
TABLE IIT

GROUND DISTANCE (N.M.) REPRESENTED BY PHOTO PRINCIPAL PARALLEL

Tilt Angle 12" F.L. 24" F.L.
0° 28.1 14.1
30° 32.7 16.4
60° . (Approx.) 60.5 (Approx.) 30.3

Table IV indicates the image sizes of ship classes to be expected on
photography of zero tilt at an altitude of 150 nautical miles. While it
appears that these images would not be normally visible to the naked eye,

& it is anticipated that at least the larger ones should be detectable through'flu
E high quality optical aids. A high quality camera system should provide A

image sizes which are adequate for photo interpretation. (See paragraph 3d.)

TABLE IV

IMAGE SIZE

12" F,L, 24" F,L,
Feet Inches Feet Inches
Length Width Length Width Length Width Length Width

VA(N) .00121 .00028 .01452 .00336 .00241 .00055  .02892  .00660
Ca .00114 .00028 . 01368 .00336 .00228 .00055 .02736  .00660
can .00079 .00008 .00948 .00096 .00158 .00016  .01896  .00192
AN .00079 . 00008 .00948 .00096 .00157 .00016  .01884  .00192
L . 00067 -.00007 .00804 .00084 .00134  .00014  .01608 .00168
Phoi] .00046 . 00005 .00552 . 00060 .00092 .00009 .01104 .00108
ISZN .00045 .00004 .00540 .00048 .00089 .00007 .01068 .00084
SSN .00031 . 00004 .00372 .00048 .00061 .00007 .00732 .00084
S$ .00034 . 00003 .00408 .00036 .00068 .00006 .00816 .00072

¢. Visual Factors.

The limit of resolution (visual acuity) of the human eye has been the
object of study for years. Most of the data available are the result of tests
performed in the laboratory under controlled conditions of contrast, target
luminance, ete. It has been found that the resolution of the eye is dependent
upon both physical and physiological factors. In addition, the nature of the
target being viewed has significance in the resolution level obtained. Point
source targets indicate a normal eye resolution limit of 30 seconds of arc,

A-45 —TONFIBENTIAL
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whereas line targets produce a resolution limit of about 1-2 minutes of arc.}
Very low target luminance or contrast values significantly reduce the visual
acuity of the cye. One goal of the GEMINI test program.will be to investigaf
the visual acuity of the human eye with respect to viewing the earth from a !
position in near space. Becausec of the small viewing scale, the astronaut
will be assisted by an optical telescope or binoculars.

P

d. DPhotographic Factors.

The small photographic image size of Naval vessels (Table 1IV), even
of large aircraft carriers, indicates the need for a high resolution photo-
sraphic system of adequate focal length. A focal length of 24" is suitable
for the proposed GEMINI test program, provided that sufficient resolution is
maintained in the camera and processing components to overcome the small
photographic scales. The use of a 12" focal length, although increasing
ground coverage and reducing image motion problems, would severely restrict
the quantity of information obtained from the photography. This ground
coverage gain with 12" photography is not significant since the astronaut
will be directing the camera towards specific objects or locales, rather
than attempting broad area coverage.

To obtain adequate photographic imagery, the camera system components
utilized in the GEMINI capsule should be selected with care. Film emulsion,
camera optics, and image motion compensation are among the many factors to be
considercd. For example, no film emulsion of less resolution than Panatomic-X}
Aerial Film would be desirable in the proposed test program. This film has a
low contrast static resolution capability of 65 lines per millimeter. Several
24" gerial reconnaissance lenses (Table V) are currently "on-the-shelf" or
Navy test items and could be considered for the GEMINI program. Static
resolutions with §0213 film are in the AWAR range of 80-100 lines per millimete
The marriage of lens cone and camera, with IMC magazine, would require approxi=
mately three months and could be accomplished at the Aeronautical Photographic
Experimental Laboratory, NADC Johnsville, Pa. The weight of the camera systemg
and associated components would be compatible with the removal of one astronauti

Equipment for processing the exposed negatives would be installed in
the GEMINI capsule to enable the astronaut to perform photo interpretation in
space. This equipment should be compact, reliable, compatible with the capsule
environment, and capable of maintaining good image detail. Various methods
exist for in-flight processing of aerial negatives. One non-liquid method
developed by Kodak provides a processed negative and positive in 15-20 minutes
and retains a resolution of 50 lines per millimeter on Plus-X film. Each in-
flight processor would be evaluated in detail, prior to final selection for

inclusion in the GEMINI system, to assure that the previously stated require-
ments were met.

Extensive flight testing of various Naval camera systems at Edwards
Air Force Base in 1960 indicated that system resolutions of 55 lines per
millimeter were attainable at that time with certain 70mm cameras. IL this
resolution were achieved by the proposed 24' GEMINI system, each line of
resolution would represent 27 feet on the ground at zero tilt. Research has
revealed that even at a ground resolution level of 50 feet, photo interpreters

- mbmuﬁﬂmmwmm,wwvmn%-*wﬂm‘*‘ IR
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arc able to identify ships, storagc tanks, buildings, runways, etc., and that
some uscful information may be obtained at still poorer ground resolution
levels. Provided adequate film scale and resolution, the photography obtaincd
in the CEMINI capsule should be suitable for the level of interpretation
required for the test program. (In future systems, more sophisticated equip-
ment could be used than that envisioned for the GEMINI capsule.) .

e. In-flisht Photographic Intcrpretation.

Sufficient photo interpretation equipment would be provided the
astronaut to permit in-flight analysis of the processed photography. This
cquipment consists of a few direct viewing optical devices and other miscel-
laneous tools. The photo interprctation equipment is highly compact, light
weight, and necessitates only a minimal expenditure of capsule space. A
skeletal set of P.I., topls could consist of one variable magnification viewer
(pocket size), a small 12" X 12" light table (one inch deep), film marker,
pencil, .00l and .5mm scale and paper pad for notes. Since it is not reason-
able to expect the astronaut to perform detailed metrical operations in this
test program, no photogrammetric devices would be required.

Training of the astronaut for the photo interpretation phase of the
mission would be accomplished at NAVPIC. The training would include interpre-

tation techniques with small scale photography and reporting procedures
applicable to the test program.

4. COST FACTOR.
APEL estimate - very roughly - $30,000 (labor and parts)

NAVPIC -estimate - very roughly - $10,000 (training and equipment)

A-4T TTCoNTeNTIAL
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PUHOTOGRAPRIC CCEAN SURVEILLANCE TEST PROGRAM

& rzsT OBJECTIVE
to assess the capability of a high reaolution photographic
{gsance system to perform surveillance over ocean and coastal
s. Determine optimum sensitized materials required as well as
elding in the enviromment of a oanned spsce vshicle. Determine
tast the optimmm method for accomplishment of the final phase
test which will be the sddition of a photographic transmissicn
tem with readout stations on shipboard and ground areas. A
nd resolution of 12 feet, from 200 miles is considered to be

1{stic at present for the photographic system.

47. TMPORTANCE OF TEST

. To achieve the maxims resolution potential of recomnaissance
squipment installed in apace vehicles for surveillance of terrestrial,
lanar and possibly other planstary bodies is one of the major objectives.
1o addition, it is planned to obtain valid data on the auitability of
equipment provided and to determine possible further design changes
wvhich may be required. It will permit assessment of the performance
of various films when used in the spsce environment and provide guid-
" suce for possible changes which say be required in respect to prep~
sration of the saensitized materials i.e. emulsion characteristics,
spectral sensitivity and etc. Also, tests of in~flight processing
sethods would be performed with film exposed in the laborastory using
resolution targets &s the gquality determinant and processing half of
the film on the ground snd half in ths space vehicle. An optimum
{n-flight processing method would be determinei using wet methods

89 vell as s sandwich (semi-dry) method auch as Esstman Xodak Bimat
or any other method which has been found to possess a high resclution
potential.

ITI. DESCRIPTION OF THE EXPERDMENT

2 The experimsnt would be divided into & Phase I and @ Phase II

5 effort. Phase I would be ready for installation within 18 montha

T sfter funding, The tests involved in this phsae could be accomplished
? in one or two flights depending on the availability of astronaut time
3 to devote to the required tasks.

L4

3 8. Configuration of Test Items

f - PHASE 1

£

) (1) A bhigh acuity 44" x &%" format camera equipped with
¢ ¢ 46 inch focal length £/4 len¥ zapable of resolving 100 lines/mn.

" ; 7 neraded at 3 yearantervals, V

% Occlassified after 12 years. A-49 m
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Such & camers, which lacks aome of the additionsl design features
considered necessary, ias been proposad byt not yet developed Ly
Chicago Aeriel Industries end is designated as the CA-101. However,
cesrtain changes would be required iun the focsl plane shutter mechsnism
within the csmers dody as well 28 a larger camere body to ¢liminate any
possible vignetting by a lane of 48 inch focal length. In additiom,
changes to the bssic CA-101 cemara comcept are required to provide for
film flsttening using compressed alr (Note: very little air s required)
provided by a pressurised air conteinsr. The cemars itself is not
pressurized snd the air vents to the embient atmosphers within the
vehicle after asch exposure. The camora is equippad with a rotateble
mirror permitting su extended trongverse fieléd of view. Dependent upon
altitude, total angular coverage dasired, and forward overlap consideration
transversa coverage of 35° could be provided by sequentisl pulse pamning |}
the camera through seven poaitions. The 48 inch focal length lens covers
SO on the 4%" x 44" format. Magaszines of 500 fest, 250 feet and 100 feet
film capacity ere intended for usa in test of various types of film. The
lens is partially patterned sfter ome currantly under development for the
U. §. Navy by Pasgckild Csmers and Inatrument Corporaticn, West Coast
Divieion. See oaclosure (2).

(2) Concurrently with ths above dascribed test €or Phase I,
it {s intended to perform mmercus sensitomstric tests or variocus types
of films both inside and outside of the space vehicle using containers
capable of providing shielding against radiation exd pressure snvironmeant.
8imultanecus monitoring of ingide and externel savirvament will be made
at specified intervalu. The conteinsrs for film will be designed by the
Aeronsuticsl Photographic Experimentel Laborstory (APEL) and fabrieated
either in prototype shop or under contract.

(3) The two in-flight procassing test equipments will be
either designed and fabricated by APEL or contracted for if the workload
should prove to be excessive during period whau equipment has to be
produced. As previocusly noted, the in-flight processing tests could
be performed on the first flight depending on the limitations imposed
on the astronsut by operating the various cther test eguipments instslled
in the space vehicle.

PHASR X1

(1) In this phasa the photographic trensmicsion system is
to be added to the cameri. A new airborne scanner is currently under
developmeant for a 4%' x 4%" format camsrs system whieh is due to be ;
delivered to APEL in 1964, This system will be tested in the A3D-2P
sircraft, end will provide dats usaful in ascertaining the required .
design changes to upgrade the regolution of the system for space appli- B
cation, The in~flight processor being developed by CBS for this system .
could also be sssessed fox possitle suitabiliity in a spece environment. i
It s anticipated that the current designe and prototypes for other ‘#
in=flight processors will serve as 2n essential background to the :
designs for thia applicaticen. i

A=50 —CONEELENIIAL, :
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(2) Specific equipments to be developed for Phase IT.

(s) High resolution scanner to be completed during
196€=1967.

(b) Airborne transmitter to be completed during 1966-19¢7.

(¢) Ground snd shipboard receiversto be completed during
1966=1967.

b. Test Support Equipment Required

No requirement for special test equipment other than that
already available is foreseen st the time of this writing.

c. Test Procedure
(1) Man's role is estimated to be the following:

(2) Maintain record of films used and perform visusl
observstion at selected times when recordings are being made.

(b) Record status of cnvlronbont within and outside of
vehicle as tests are being conducted. )

(c) Perform assigned tasks required in the determinaticn
of optimun {in-flight processing methods for space ussge. Cbtain
orerating data and observe performsnce results.

(d) In the final phase, when the photographic transmissicn
{s used, voice communication with ground and shipbosrd stations will
be required to advise on transmission start and finish times.

(e) Although the test procedures performed by astronsut
will be well within his technical competence, voice communication with
stationg will be required to advise him.on possible minor difficulties
vhich may arise.

d. Category of Experiment

Category b is perhaps most applicable to these exveriments.
Except for optical port for camera lens, availability of voice
comunication, provision for storsge of special film containers
outside the vehicle, and antenna requirement in last phase of test
of the photogrsphic trsnsmission system, it is not expected that the
:?“égment for this experiment would affect the design characteristics
e MUL,

e. Cost is estimated as follows:

(1) Phase I

I W T
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(a) 4%" x 44" High Acuity Camera Devalopment $250,000
(b) Controls for Cameras 10,000
(c) Spara Magazines for Camera 15,000
(d) Cost of 48 Inch £/4 Catadioptric Lens
(Pairchild) 80,000 i
(e) Camers Equipmant Installations 20,000 t
(f) Cemera Port 15,000 :
(g) Subtotal for Camera Equipment and : k
Installation 390,000 3
(h) Subtotal for Cost of Film Sensitivity t
Experiment 20,000 “
(1) Subtotal for Cost of In~Flight Processing P g
iment 60,000 ) 2 :
(J) Cost of Contract Labor Involved in Performing s i ;
Installation for Items (h) and (1) 20,000
Total of (3)» (h), (i) and (}) $490,000 x
(2) Phase 1I

(a) Specifications for the transmission system will be
prepared upon completion of the &4 x 4Y%" format line scan system,
vhich it is estimated will be evalusted in the latter part of 1964.
It should be funded early in 1965, but at this point only & very
broad estimate can be made relativa to development cost of the
transmission equipment which will consist of the following:

Ons each = Scanner and Processor
Cns each = Transmittar
Twvo each = Ground Stations

(b) Rough Estimste $950,000

Total of (1) and (2) = $4%0,000 + 950,000 = $1,440,000

NCTE: Detailed tachnical data on the requirements, configurstion and
installation of tha photographic transmission system will be forwarded
shortly. Subatantial savings mey be possible prior to the initiation
of Phase II if it is found that current developments being made for the
photographic transmission system are found to be applicable to the
space program. In addition, small savings may alsc be possible by
using aveilable film magazines for Phase I.
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Title of wxperiment: Optical Surveillance Sengor Lxperinent

1. Test Objective

The objective of this experiment will be to determine the capacity
and capability of the combination of a man and a semi-automatic recording
optical surveillance sensor,

11, loportance of the Test

This test is required to determine the utility of a man as an integral

portion of a single or multisensor surveillance system. The space environment ¥

will be required to provide a complete test and since man is required for the
test, MOL is the appropriate test vehicle.

111. Description of the Experiment

The experiment will consist of a series of tests to determine the
handling rates for automatic and manual sensor operation including target
selection and rejection; to determine the effects of manual operation on
sensor requirements such as field of view, pointing accuracies, resolution
requirements, etc.} to determine the capability of man for data correlation
by detailed observation in conjunction with an automatic gross area surveil-
lance sensor. The problems which may be encountered are weather restrictions,
excessive target rates, fatigue, etc.

¢. Test krocedure

The tests envisioned will be a series of coumparative tests to
provide a basis for comparing the performance of the manned system with the
automatic system and determine the limits on the parameters of intarest.
This can be accomplished by using suceeding passes over the same areas or
parallel systems of manual and automatic sensoras. The determination of the
effects of incorporating & man in the system on the sensor requirement will
e determined by varying the operating parameters of the sensors to define
the effective limits in both manual and automatic modes on the same or
similar targets.

¥an is an integral part of the sensor system to be tested. ile will
be utilized as an intelligent sensor and as a technician for the comparatiye
test ajainst which his performance will be measured. :

d. Category of Experiment

This experiment will be category a. it will iequire at least
openings for the optics and antennac, sensovr stabilization, and support
equijnent.,

A-54
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e, Cost (in thouundl)_

FY 66 KL 1967 FY 68

Priorp | N 65
Engineering & 500 750
Development
Integration & 500
Installation
t “. ' 200
Simulators/Trainsrs
Data Reduction
Equipment Work d -
Travel 10 18
———

By

PCP in Process
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K
5307-125:1HP:1lac
TO : Code 7000 DATE: 6 March 1964 3

FrRoM : Code 5307
SUBJECT: MOL Forward Looking Radar

1. The Radar Division has looked at several types of radar in the frequencyj'
range of 300 to 10,000 Mc which will provide a forward lookingvcapability N
and be able to detect ship size targets. Without discussing reasoms at this
time it has been decided that the frequency range of 1000 to. 10,000 Mc is
likely to be the best compromise from the standpoint of reasonable antenna
sizes and reasonable power requirements. Because of complexity, weight,

and resolution limitations, electronic scannihg techniques were eliminated
from consideration. The remaining two methods are (a) Rotating antenna
providing 360° coverage in a range band of 200 to 300 miles prﬁjected ground
range, and (b) Two fixed beams canted at 245° from the projected ground path,
prOViding‘é-70 mile wide ground swaths of coverage 140 to 210 mile coverage

each side of the path. System (a) gives complete coverage of a 600 mile wide

pue—w————cL -

swath, with 40 to 60 seconds alerting time on targets in the forward quadrant.

3t

System (b) has a hole in the coverage so that only targets offset from the
path will be detected, and the alerting time is about 30-40 seconds on those

targets within the coverage area.

2. Both of the above methods could be instrumented at any frequency in the
microwave region. Weather and sea clutter considerations somewhat favor the

low end of the region, but antenna size would favor the high end. The

PRRERIEOIN SR 2 i i
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364 _
following summary sheets will list the parameters of a type (a) system at
1500 Mc and at 3000 Mc and one type (b) system at 10,000 Mc. It is apparent
that size, weight and power requirements are not greatly different, and if
a rotating antenna is practical 1ts‘ndvantages in coverage and target observa- :
|
]
‘quency tion time are very significant.
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TABLE 1

Type (a) System -- 360° Scanning Antenna

Frequency ~ 1500 Mc
Antenna - 30' x 5'
Horizontal beamwidth - 1.5°

Vertical beamwidth - 10°

- 41 + 24

Gain 2

= 32.5 db
Rotation rate - 1 rps
Power -~ 50 kw peak

200 w average
Transmitter - VA131B TWT
Pulse rate ~ 720 per second
RF sequenced through 3 frequencies
Pulse lenggp - 5 psecs
Pulse compression to .1 usec
Hits per scan - 3
Number of scans/target - 20

Modulation - grid

Display - modified PPI - pulse stretched

Range on 100 M° target -~ 285 nautical miles
Mean clutter return - 40 M° equivalent
Slant range - 220-310

Weight and power - 650# - 3 kw

A-58

5307-125:1IHP:lac ")

3000 Mc
15' x 2.5'
1.5°

10°

32.5 db

1 rps

1 Mw peak

1 kw average
VA87 klystron
240 per second
single frequency
5 psecs

+05 usec

1

20

plate

modified PPI - pulse
stretched

350 nautical miles
40 M° equivalent
220-310

1130# « 6 kw

RERS . 0 TN }
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TABLE 2

Type (b) System -- Fixed Antennas

Frequency - 10,000 Mc

Antenna ~ 40' x 8" - 2 requ:l.refi

Beamwidths - .2° X 9° - depressed 30° - offs?t 45°
Gatn - 42 db o .
Obnervat;oﬁ time - .25 seconds

Number of hits - %Q = 20>

Peak power - 50 kw = 2 required

Average power - 100 vatts - 2 required -
Compressed pulse - 1 uéeé

Transmitted pulse - 10 usec

Range on 100 M? target - 350 nautical miles

5307-125:IHP:lac

Spot aize.- 50' x 1 mile = 300,006 pquire feet = 30,000 sq@re meters

Pa% LD . .
! ,
Equivalent mean sea clutter area s 30 square meters

Swath cbvex_:uge ~ 140-210 miles each- side, about 150 miles ahead of vehicle,

Almest /m';oo:c;ﬁfr Yo Cove, coaler pati
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TABLE 3

Type (a) =-- Rotating Antennas

1500 Mc 3000 Mc
Weight Power Weight Power

Antenna 100 lbs 50 lbs
Transmitter 90 365
Power supply 100 1.85 kw 200 4.0 kw
Modulator 50 .2 100 1.0
Receiver 25 «2 25 .2
Frequency generator 25 o2 » 25 .2
Pulse compressor 25 .1 25 .1
Display 50 .2 50 o2
Drive motor 25 «2 15 .1
Packag iné o 100 200
Miscellaneous 50 75

640 1bs 2.95 ku 1,130 1bs 5.8 kv

—————w—en R aeiginnasiabliaet
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TABLE 4

Type (b) -- Fixed Antennas

Unit Number

weight - required Weight Power
Antennas 50 1bs 2 100 1lbs
Transmitter 90 1 90
Power supply 100 1 100 1.85 kw
Modulator 50 1 50 o2
Receiver 25 2 50 4 {:
Frequency generator 25 1 . 25 - o2 ]
Pulse compressor 25 2 50 o2 !
Display 50 1 50 .2
Packaging 100 1 100

Miscellaneous 50 v 50

3 — il

665 lbs 3.05 kw

< A-61 GONRIDENTIAL
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TITLE OF EXPERIMENT. Global Television Surveillance

TEST OBJECTIVE. The ultimate objective 1s the development of a high data
rate television global surveillance system for the night side of the earth.
The investigation will establish the possibility of detecting, classifying
and identifying from satellites surface ships and surfaced submarines by
their own lights or wakes, ambient illumination ranging from starlight to
full moonlight, with and without searchlighting by a laser beam. Other
objectives include the inferring of the approximate sea surface condition
and the experimentel) determination of the size of the surface object that
can be resolved. Meteorological data such as cloud cover would be avail-
able for comparison wvith information from weather satellites Tiros and
Nimbus.

Favomable results in the ipvestigation will make possible the systematic
development of a global surveillance system, both visual and film recorded.

1MPORTANCE OF THE TEST. The test is needed to make vigusl and film
recording measurements, to establish optimum renges of parameters and to
deternine the merits of a potentisl surveillance system. ,

The tests should be conducted in MOL because the presence of a man is
required in the following: optimization of adjustments to equipment,
modifications in the experiment, selection of scenes viewed, proper
orientation of the satellite including image motion comj‘ensation end
visua)l comperison with the permanent film record, with and without laser
searchlighting. MOL will make available suitable payload and power [or
the proper prosecution of the proposed experiment. In addition, the
astronauts can analyze, collate and interpret the sensor data from selected
areas of interest in a minimum time. This test will help assess man's
ability and utility as part of a visual and film recording global surveil-
lance systew, particularly on the dark side of the earth.

i1t 1is necessary for the Navy t0 learn the possible nature and fomm some

estimate of the effectiveness of satellite survelllance unita ol sotential
enemy countrieg. BSuch information would be the basls for the development
of suitable countermeasures. .

DZSCRIITION OF THE EXPERIMENT. Using the monitor of the low light level
television coupled with the proper optical system (estimated focal length
&4 in.), the astronauts will determine how well thcy can detect the

presence of and identify lighted ships at locations known to them on the
dark side of the evarth, ambient scene illumination ranging from starlight
to full moonlight. Throughout the experiment the shijp's spatial orientation,

GNP el

Downgraded at 3 year antervals;
Declassified after 12 years. A'65
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attitude rates, velocity, altitude, location, time etc., will be recorded,}
The experiment will be performed with various levels of laser searchlight {
illumination. PFPhotographic film records will be uade of the scenes
viewed. The detection system will be properly adjusted and its performance)
optimized during the course of these tests., The experiment will be '
repeated using as targets the high contrest wakes of unlighted ships and
the ships themselves under laser beam illumination. Having obtained ex-
perience with the detection system, the astronauts will continue the
experiment into the search and surveillance potential phase. They may
orient the satellite, vary searchlight intensity, focus the system,
photograph the scens, observe it visually, commmnicate wvith ground stations
etc., a8 the like to learn what they can about unspecified targets belov
them. From the filw record and the astronauts' description of what they
observed under a wide rangs of conditions and knowing the type and loca-
tion of targets on the earth under the orbital path, it will be possible
to determine vhether the detection system is adequate and the best course J
to be pursued in improving the crude and unsystematic surveillance procedure

a. Configuration of Test Items Estimated
Vol.(in.3) we.(1bs.) 1
(1) TV Camera 800 ho |

(2) Camera Control Unit 1064 25

(3) Vieving Monitor 348 5

(4) Recording Menitor and Photo Camera lUnit 230 10

(5) Monitor Electronics and Equipment

Control Unit 200 0
(6) Experiment Control Panel 12 1
(7) laser Searchlight 500 30

L. Test Bupport Equipment Required

Not known at present.

¢+ Test Procedure

(1) The man vill :urn on the detection system, adjust it for
optimum performance, adjust searchlight illumination level, record scenes
of interest, observe these scenes visually and simultaneously, evaluate,
interpret and note vhat is observed. The man will orient the spacecraft
aud compeneate for image motion as required.

b A1 RS 1 (ki tanti a3

(2) and (3). Bee the DESCRIPTION OF THE EXPERIMENT.

TCONREDINTIAL
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d. Category of Experiment
Category b '
[ 1Y m‘t )
P65 Y66 Y67 FY58  FY69  TOTAL
(1) Engineering
& S0K 100K 600K 100K 50K 900K
(2) Installation 25K SOK 300K 25K 25K k25K
(3) Ground Support a5 100K 50K 25K 200K
| . o _TOTAL 1525K
yeo= 7L 0 17k
£. Bchedule 7~

Hardware resdy for test January 1967.

PARTICIPATING QOVERIMENT AGENCY. U. 8. Hawval Alr Developnent Center.

ADDITIORAL REQUIKIMENTS. Security classificetion: CONFIDENTIAL

Additionel informstion will be furnished when experiment is more thoroughly

planned .
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U. 5. NAVAL ATR DEVELOPNENT CENTER
ANTI-SUBMARINE WARFARE LABORATORY
JOENSVILLE, PENNSYLVANIA

Proposal for Experiment N-10
1OW LIGHT LEVEL TELEVISION FOR PROJECT GEMINI

IRTRODUCTION

The primary purpose of the experiment is to investigate the possibility of
detecting from satellites the presence of surface ships by their own lights W
or wakes, ambient illumination ranging from full moon to starlight. Secondary

goals include the inferring of the approximete sea surface condition and the
experimentsl determination of the surface object size the system can resolve.
A television monitor will be provided for visual observation while a separate §
monitor will be employed to obtain a photographic record for detailed post-

flight analysis.

"Detect the presence of" is the phrase employed to emphasize that the tele-
vision system, with its comparatively short focal length lens, is not
expected to resolve even the largest ships in the sense that details can
be seen. Rather, the energy from the various sources of light associated - ,
with ship targets will be processed to provide immediate detection capability
for the astronaut without requiring his dark adaptation. The best resolution
compatible with a sufficiently high detection capability will be the goal

in the design of the system.

The experiments should indicate the effectiveness of a low light level view-
ing system as a visual aid for the astronaut. For example, yaw maneuvers
using cloud references on very dark nights may be carried out. The identi-
fication of ground characteristics, such as emall islands, should also be
mde easier, especially at low light levels where non-dark adapted viewing
is of little value. A study of the photographs taken during the controlled
experiments will help determine the merits of a low light level system for
general target recognition.

);5.;*)-'.‘.,%“ SN AN

The detection of surface ships has military implications, since the experiment
may reveal whether the nighttime movements of our own fleet can be regularly
monitored by others using comparable means. Still another area of value is
the possible application of a similar system for examining the dark side of
the moon where the atmosphere and airglow are absent; information obtained
from the earth orbit experiment would be useful.

RSENppppraerapapr sy S LT MR 1T g

A-68

-, b N R it
) RIS = o




NRO §
RELES

ary

‘Ce
te

ity
ion

i

3

PVED FOR
L JULY 2015

AW-k2

It is intended to make a three way comparison by obtaining the opinions of
one astronaut viewing the monitor, of the otler astronaut viewing the same
gcene directly, and comparing these with the photographic record. The men
aboard Gemini will also be able to select targets of opportunity, control

the attitude of the spacecraft, and even provide almoet complete image motion
compensation which will be useful in evaluating the system's capabilities.

The experiments presented would be conducted best in a manned spacecraft.
Where the agtronaut is part of the experiment or performs some selective
function, there is no slternative to a manned vehicle. The astronaut, in
eddition, contributes valusble flexibility which mmy be required if changes
in the experiments are necessitated because unexpected or unpredicted
situations arise at launch or during orbit.

DESCRIPTION OF EXPERIMERT
A. DETECTIOR OF SHIPS AND SHIP WAKES

1. Lighted Ships, Ship lights will raise the illumination level on
certain areas of the ship o relatively high values, 10-1 to better than one
foot candle, comparsd t0 the ambient 1ight, 102 to 10-% foot candles for
full moon and no moon respectively. The low light level system will then be
used to take advantage of this high concentration of light energy against
the essentially black ocean background that will constitute most of the
monitor presentation. Immediate detection of the bright "blip" representing
the lighted ship should be possible with no need to dark adapt.

2. Ship Wakes. In a calm sea, the wake of a ship may present a long,
high contrast ribbon of highlights because of moonlight reflecting and
glinting off the disturbed water. The light emanating from the wake path
may be expected to show up on a photographic negative obtained from a monitor
different from the less coherent variations ef light produced by the un-
disturbed sea. The experiment will alsoc show whether the length of the wake
vill permit in-flight detection on the monitor screen because of continuity
effects. In addition to length, the changing water slopes within the wake
showld give rise to a scintillation effect. Whether this will aid in real
time detection can also be learned during the experiment.,

3« Unlighted Ships. The focal length of the camera lens in relation to
the orbital altitude, along with other considerations, makes detection of
unlighted ships very unlikely, especially if there is little or no wake. ‘In
general, the calmer the sea, the more likely is it that the ship can be
detected if it is possible to do so ab all, because then the ship itself
stands out in maximum centrast with the water. The experiment may give some
answers in terms of the ambient light level, ship size, and sea condition.
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B. OTHER SHIP EXPERIMENTS

1. Flare and Smoke Tests. Recovery ships vill dieplay lights, relegsg;

flares, and generate smoke for observation on the monitor. Some flare tests
will be possible even through liqht cloud cover. .

2. Dye Marker Tests. The astronaut can determine the effectiveness of §
the system in revealing the extended image of a dye marker in terms of ambier
light level, and size of the marker. Such markers may be useable as fixed
reference points on a calm ocean, and thus aid in attitude control for other}
experiments. -

C. COARSE DETERMINATION OF SEA CONDITION

Photographs of the sea will be made over rough and calm areas. It may
be possible to infer that the ses was very rough, rough, or very calm by
analyzing the demsity noise variations over an adequate number of photographs
taken from the monitor. The experiment will also determine vhether the
scintillation effect is pronounced enough to make in-flight observations
possible.

D. DETERMINATION OF GYSTEM RESOLUTIOR

Overland photographs will be made at various light levels and ground
haze conditions to- determine the resolution capability of the low light level
gystem. Some of these photographs should be made using Imge Motion Compensa-
tion which could be supplied by the astronaut. In all cases, the attitude
and rotation rates of the capsule should be known.

PECHNICAL DISCUSSION

A. OPERATIONAL DESCRIPTION

As discussed previously, the TV system will be used to detect the presence
of ships at sea. This will Tequire that ships be positioned as nearly as

i
£
5
possible directly under the flight path of the satellite, ‘

It is plmnned that the experiments be performed during orbits when the
spacecraft will fly over these ships on the dark side of the earth.

1. Proposed Targets
a. Specific targets.

A-70 i
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(1) ships in the recovery area

(2) tracking network ships

(3) island tracking stations

(4) the sea under varying conditions
(5) 1land masses (mountain ranges, rivers, cities, etc.)

b. Targets of opportunity - any visual targets over land or water
both on the dark and light side of the earth.

2. Experimental Orbits

Five orbits vill be required for the N-10 experiments which are dis- J

-tributed as follows:

a. Three for the detection of recovery and tracking ships and island 2

tracking stations.

be One for the detection study of sea conditions.
¢ce One for the detection of land targets.
The astronauts will participate in each experiment. They will
a. Energize the experiment equipment
b. Maneuver the space capsule
ce Select and track targets
d. Record visual observations.

Detailed instructions, more specific than those supplied' in previous briefing,

will be required. They will be conveyed by voice communication with the
project monitor via the tracking network.

3. Sequence of Events in Experiment

The number assigned to each experiment is for identification in this
proposal. Prior to launch, modified numbers will be assigned relating the

experiments to their occurrence in the flight plan. Table I presents charac-
teristics of the experiments,
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. The following time diagram for the duration of an experiment 1l-
& justrates a typlcal sequence of events.

side of the earth
dark

l¢—————— One orbital period

prior to start of the experiment

time (min)

li@t L Y B S T (] 's
-] Lo 0eSPTs
1 B Btytg

t - e turn on inertisl platform providing a 30-minute warm-up period

t, - a. turn on experiment equipment providing a 5-minute warm-up period

b. maneuver spece capsule into position required for the experiment
and attain attitude stabilization or control

t3 - a. final adjustment of TV system prior to start of the experiment

t), - a. start of the experiment

t'.5 - a. end of the experiment

The time sequencé plotted in the diagram will vary according to the location
of the desired targets in the earth light and dark side cycle. The astronauts’
participation time will be approximately 15 nin\rtqs for experiments 1, 2 and

3 and 20 minutes for experiments 4 and 5.

Table II 1lists the experiments giving astronaut participation, space-
craft maneuvers, equipment required and the function of the tracking network.

4, Data

A camera is used to photograph the output of the recording monitor.
The photographic data rate and number of photographs to be taken are shown

in Table III.

A-T73
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TABLE III
4 Number of
3 Experiment Photographic Data Rate Photos
4 1 15 sec at 20 photos/sec 300
2 1.5 min at 1 photo/sec 90
T 3a 1.5 min at 1 photo/sec 9%
3 3.0 min at 1 photo/sec 180
' 7Y 4.0 min at 1 photo/sec 2L0
b 4.0 min at 1 photo/sec 2ko
Sa 4,0 min at 1 photo/sec 240
5b 4,0 min at 1 photo/sec 2k0

The reduction of the photographic data requires that for each
experiment the following satellite information be recorded by the tracking
petwork stations.

ae Pitch, roll and yaw attitude

i. Pitch, roll and yaw rates

ce Linear velécity

* d. Altitude |
1 kK e. Special position i
; £. Time. b

The analysis of photographs, tracking network data and the astronauts' visual
observations during the experiment and in debriefing will be the basis for
determining the succees of the N-10 experiment.

5. NASA Tracking Network Role

T T i

In addition to providing the data required for photographic correla-
tion, NASA must provide information on the locations of the recovery area and _
tracking ships. The TV system camera has a maximum 55-mile diameter field of !

g A-75
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view at the surface of the earth. The ship targets will bave to be positionef ;
within this field to insure target acquisition. The ships will employ de-
tection enhancement eids such as lights, smoke and dye markers.

The tracking network will provide the sommunication link required for
the performance of the experiment and will record on tape the astronauts’
observations with the unaided eye and by the TV system.

6. Astronauts' Role

In each experiment, the spacecraft must be pointed’vertica.lly down .
and maintained in this attitude with the best precision possidle. In experi-

ments 2, 3, 4 and 5, the astronsuts will track specified targets or targets
of opportunity.

Both astronauts must participate in the K-10 experiment to meke pos-
sible comparisons between the unaided eye, the TV aided eye, and the photo-
graphic records. The astronaut viewing the scene upnaided will attempt to
become dark adapted over a specified period prior to the start of the experi-
ment. Post-flight laboratory experiments can determine the degree of dark
adaptation acquired by the astronaut for each experiment,

The observers will be required to voice record the time of target
acquisition, relative headings, and duration of tracking. A grid pattern
placed over the face of the presentation monitor will aid the astronaut in
estimating these varisbles.

7. Controls.

It is intended that the operation of the experiment equipment be

essentially automatic. The variables controlled automatically include the
following: .

 heradit AR AR T oo NS

a. Dynamic light range

b. Sensitivity

W R

ce Camera frame rate

d., Camera record time.

The astronaut will control the brightness level of the presentation monitor ;
and select the TV camera field of view by means of a zoom lens. The adjustable
field of view will aid in target acquisition and in target tracking. 2
A
&
3
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5. SYSTEM INFORMATION

Ma jor Components

The major equipment components are the TV camera, the camera control
units the presentation monitor, the recording monitor, the photogmphic
f camers, and the experiment control console.

a. TV Comera

The TV camera consists of a goom lens, a single stage image

. intensifier, and an imege orthicon sensor.

b. Camera Control Unit

The camera control unit provides the synchronizing circuits, video
axplifiers, dynamic light range control circuits, and the camera power supplies.

c. Presentation Momnitor .

The presentation monitor is a S-inchA diameter CRT and high voltage
power supply.

d. Recording Monitor

The recording monitor 1s>'a. l-inch diameter CRT and high voltage
pover supply.

e. FPhotographic Camera

The photographic camers is of special design for obtaining pro-
grammed sequential photographs. It is capable of recording time and exposure
settings on the film.

f. Ea_c.periment Control Console

The experiment control console contains the video amplifier,
synchronizing circuits, and the experiment control ctrcults.

2, System Design Characteristics

The system performance, electrical requirements, and physical config-
uration are based on commercially avallable low light level components. The
finel selection of experiment equipment will depend on investigations of the
Performance capabilities of developmental eguipment and on some basic labora-
tory experiments.

The possibility of detecting the presence of ships under low light

A-T77
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a.
b.
Ce
d.
e,

t.

conditions is the basis for the specification of system perfoi'ma.nce. The
essential characteristics to be considered are

The electrical requirements for the experiment equipment are as follows:

b. Average (operating)

The proposed physical arrangement, weight, dimensions, and volume
of the experiment equipment are shown in figure 1. These estimates are
rreliminary.

AW-42

Scene brightness level

Scene contrast

System static resolution for lov light conditions
System dynamic resolution for low light conditions
System dynamic light range control .

Photographic recoxding.

Standby (warm-up time)
S.minute warm-up period for filament of the image orthicon and
monitor CRI's.

1.5 amps at 6 V& 10 watts, a total of 25 minutes at 10 watts,

45 minutes at 130 watts.
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Fig. # . Schematic of Functional Equipment Location

m. N'lo
/
Adapter
5u/r' 3 pLer.
, Adapter Equipment
: Retro-
Cabin e ~ Section
Section Section
N I e l"
'-—d:,_@ H—TZ7
No Scale 8kid Well o

Section \

% item Component Dimensions Vol Weight
’: (in) (1in) (1bs)
ji

% 1. _ T.V. Camers 5 dia. x 28 550 30
¥ 2. T.V. Camers 7x8x19 1064 25
‘f’ Control Unit

3. Viewing Monitor 5)2x5)ex 112 348 “ 5
f b, Recording Monitor & 231 10
£ Fhoto Camera Unit

X v

- 5. Monitor Electronics & 200 20
§ Equipment Control Unit :

s

% 6. Experiment Control Panel 12 1
F 2405 91
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Vision Earth Field
Cone Altitude - of View 1§
® (Deg) E (N.M.) D (Miles ) Qi
Vision Cone 8 10° 12% _ ]3? |
| T -
L Astronauts
Vision Cone 20° 161 65
\ 87 35
l
H
/

-
1, pieth il

Surface of Earth '.__. D __.‘

Figure ., T.V, Camera's Earth Field of View
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3 Typical Experiment Time Diagram-Sequence of Events
P park Time Diagram
sideh 20 10 é o N
A g% \
{ B0 2! sy \
. Side - 4, N—
t garth ts -'l Time
1 o One Orbital Period (Min.)
i Timpe Sequence of Events
ty Turn on Inertial Platform (Provide 30 min. warm-up period)
to 1. Turn on Experiment Equipment (Switch #1) Provides 5 min. warm-up period

a. Monitor Electronice and Equipment Contrel Unit - Standby

be T.Ve Camera Control Unit - Standby

c. T.V. Camera Filaments

d. Viewing Monitor Filaments

e. Recording Monitor Filaments

Maneuver Space Capsule into position required for experiment and attein
stabilization and control.

Automatic switching on of all experiment equipment except Recording-

Photo Camera.
Adjust Viewing Monitor brightness prior to start of experiment.

Select desired experiment (Switch #2)

Select Field of View (Switch #3)

Start of experiment (Switch #) - Recording Photo Camera Operation

End of experiment - Automatic Fhoto Camera stop
a. Turn off Switch #1
b. Turn off Inertial Platfomm
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TELEMETRY REQUIREMENTS

The following information should be telemetered to ground stations:

.'LS Time marker indicating photo-camera start and stop times (photo-
canera)e

2, Iris setting (TV camera).
3. Neutral demnsity filter setting (TV camera).

4, Ambient light level (measured by a separate photo-sensor)
(camera control unit).

5. The integrated video output of the camera and camera control
unit. This will give rise to a D.C. level indicating the presence of or
lack of video signal at the camera output and the camera control unit
output.

AGE TEST POINTS

A. TV Camera
1. video output (coax)

B. TV Camera Control Unit

1. I.0. vertical sweep current (shielded)
2, I.0. horizontal sweep current "
3. vertical sweep signal to monitors

L. horizontal sweep signal to monitors
5. video output signal (video + blanking) (eoax)

"
”

C. Monitor Electronics and Equipment Control Uit

1. video to viewing monitor (coax) ‘
2. video to recording monitor "
3. viewing CRT vertical sweep current (shielded)

v

L. wviewing CRT horizontal sweep current
5. recording CRT vertical sweep current
6. recording CRT horizontal sweep current

A-85
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POWER, SIZE AND VEIGHT ESTIMATES
NASA/DOD EXPERIMENT N-10

Pover
Dissipated Size . Volume
Unit # Deseription (watts) (1n.) (in.3)
1 TV Camera 23 5 Dia. x 28 550
2 Camera Control Unit 7 7Tx8x19 1060
3 Viewing Monitor 8 51/2x51/2x12 363
Y Recording Monitor & :
Photographic Camera 31 MAC L/0O - 019934C 349
5 Monitor Electronics &
Equipment Control Unit 36 MAC L/O - 019933B 300
TOTAL 175 - 2622
NOTES:

1. These values are for a 3" Image Orthicon System.

2. Weights of Units include electronics, internal mounting structures and
boxes. . .

3. Weights do not include external wiring or external mounting provisions.

Cold plate weights are not included in the above weights.
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IITLE OF KXPERDGNI. Infrared Napping
TEST OBJECTIVE. The purpooe of this experimsat is te survey ocem aad

terrestrial festures by infrared techniques.

D{PORTANCR OF THE TRPI. Since targsts ebserved with imfrared radiatien will
b= soen with self-emittad radistion, infrared mapping is particularly of 5
{nterest om the dark sids of the earth. Data will be weful in determining 3
the optimm combizations of infraved, electre-optical photegraphic, DF/ELINT 1
aicroveve radiemetry, active redar end other ssasers for ses surveillamcs.

mmnummmznmmmuumumu ;
their application te cceasegrephy, msteerclagy and geology. Tharmal pictures £
of the ses surfsce revesl the structure of cocean curreats, presence of ccemicy
nceld fronts,” and ths presence of icebergs. Ia the fisld of matserelegy,
cloud distributions cen be mepped beth day and night for use in westher

of tha water abgsorptisa banda. In the sciemcs of geeicgy, thermal pistures
recerded over lsad mssses ceuld provide infermstion om geelogic structures .
byumlmtm:nuuwhntmndmuumummwmh.
The imminence of volcanic eruptieus might be inferred from ehservatioms ef '
“hot spots” om the earth's surfscs, In gensrsl, it appears that & wealth
of information about the esrth could be learasd by viswing it by its infrae
rod iacandescence. Experiencs with sirborme infrared magping devices bas

indicated that unexpected informatica is often obtained when objects avre

viewed in this differemt light.

DESCRIPTION OF THE KIPERDGNT. The astromsut would eriest the spacecraft
tc 823 the selected aress of cbservatien. Be would adjust camtrels fer
optimum sesing cenditicas. With the equipment contemplated it would be
posaidble te map m ares sppreximately 700 miles in width and rssolve objects
separated by sbout 1100 fest from an chbssrvation platform 200 miles awxy. '
This means that featurse such s&s rivers, valleys, lakes, cities, msuntains,
coastlines, ccesns, oesam currents, westher freats, ieehergs, smd amy other
object vhess temperature diffars from its surremndiags by s apprecisble
portien of a degres showld becems visible to the infrared scammer., The

form of thess ebjects weuld becames closr. By passing ever the ares at
successive times he could chearve msvemsnts of clouds, sterms, ecesn
curreats, ets.
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a. Cemfigwreiien of Test Items

(1) Scamner 40 pounds
(2) Rapid Proceseor Aesdout Device 40 poamds
(3) Recording Memiter 20 pounds

b. Dest Support Eguimmext Reqiired
Bot mewn at preseat.

c. Test Precedure

The astremsut weuld cempere {aformatiem from repid processed msp
wvith visusl {nformatien, Nis coomsuts would be recerded for later cempsrison
with recerded dsts. It is expected that resordings of the same scens taken
at successive intervals would shew pregress of storms, cleuds, sea curreats,
icebargs, ete. Appreximately four hours of infermmtien taksn over ome week
duratisn weuld be mecessary. Services of the astremsut for this pericd are

recommended :
d. Category of Kxperiment
Catagory b
. Cost
‘ Fy6s  Yyé6  FYe] ¥YES  WY6)  TOTAL
(1) Emgineering
& Dovelepmeat 100K 600K 100K SOK 30X 900K
(2) Inetallsties 100K 100K 600K S0K 50K 900K
(3) Creumd Suppert 50K m' m _m _S0K 350K

f. Sehpdule
Hardware resdy fer test Jamusary 1967.

BARTICTPATING GOVEXIOUNT AGENCY. U. 8. Mewal Air Developmemt Cemter.

APDITIOMAL REQUISIMPNTS, Security -Equipmest - CORFIDENTIAL
Data - COMFIDENTIAL

Additimnal infermstion will be furnished whea experiment is more thoreughly
planned.
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U, S. NAVAL AIR DEVELOPMENT CENTER
ANTI-SUBMARINE WARFARE LABORATORY
JOHNSVILLE, PENNSYLVANIA

AW-411
13 Dec 1963 %
— 6O NEIDENT I ALl— 8

TECHNICAL MEMORANDUM ADC-AW=-411:PMM

Subj: WEPTASK RT 7045001/2021/F019-05-02, Pessive infrared mapping set for
use in Gemini satellite; feasibility study of _

Ref: (a) General Electric Co. Radiation Calculator
(b) Rand Corp. Conf Report 'Fundamentals of Infrared for Military 7-'

Applications (U)" of 31 Mar 1956
(c) General Electric Co. Advanced Electronics Center Report RS7ELC15, 2
"A Procedure for Calculation of Atmospheric Transmission of _
Infrared,"” of 1 May 1957 ‘
(d) NASA Technical Note NASA TN D-1850, "The Infrared Horizom of the |
Planet Earth," of Sep 1963 :

Encl: (1) NAVAIRDEVCEN Conf Conceptual Drawing of Genini Infrared Mapping -
Set of 12 Oct 1963

I. INTRODUCTION - j

Considerable interest exists in the possibility of placing a passive, h
resolution, infrared mapping set in a Gemini satellite scheduled for a two-day
orbital flight during December 1965. It has been proposed that such a device
would yield information of value to the Navy on the locations and movements
of ships and in the broad scientific fields of oceanography and meteorology.
It has also been proposed that the pictures generated by an infrared mapping
set would provide visual aid to the astronauts both day and night. The
purpose of this memorandum is to consider the feasibility of including an
infrared mapping set in the complement of Gemini instruments. The items to
be discussed are (1) areas of application, (2) system design considerations,
(3) system design parameters, (4) results to be expected, (5) conclusions,
md (6) recommendations. .

I :,:!m*

II. AREAS OF APPLICATION S

The type of infrared mapping set under consideration would be sensitive =
to radiation in the— portion of the electromagnetic spectrum.
Since all bodies radiate infrared energy at rates proportional to the fourth
power of their temperatures and since the wavelength at which maximum radia-
tion from objects on the surface of the earth is emitted occurs within this
band, an infrared mapping set can provide thermal pictures of the surface of
the earth at night. Since solar radiation incident upon the earth also

Lot omaw e VEERNAP N
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Subj: WEPIASK RT 7045001/2021/F019-05-02, Passive infrared mapping set for
use in Gemini satellite; feasibility study of

includes radiation in t:he— band, those portions of the earth
viewed during hours of daylight will be seen through the joint agency of
reflected solar radiation and self-emitted radiationm,

Experience with airborne passive infrared mapping sets has demonstrated
their application to oceanography, meteorology, and geology. Thermal pictures
of the sea surface reveal the structure of ocean currents, presence of oceanic
vcold fronts," and the presence of icebergs. In the field of meteorology,
cloud distributions can be mapped both day and night for use in weather pre-
dictions., Dynamics of cloud formation can be studied becanse accumulations
of atmospheric water vapor associated with nascent and evanescent clouds can
be recorded by operating the set in a spectral range corresponding to one of
the water vapor absorption bands. In the science of geology, thermal pictures
recorded over land masses could provide information on geologic structures by
revealing their relative heating and cooling rates over the diurnal cycle.

The imminence of volcanic eruptions might be inferred from observations of
"hot spots' on the earth's surface. In general, it appears that & wealth of
information about the earth could be learned by viewing it by its infrared
incandescence. Experience with airborne infrared mapping devices has indi-
cated that unexpected information is often obtained when objects are viewed
in this different light,

ILII, SYSTEM DESIGN CONSIDERATIONS

A. In the design of the infrared mapping set the following will be
assumed: :

Altitude of satellite (h) 150 nautical miles
Radius of earth (Rp) '3.50 x 10> nautical miles

Anglé between equatorial plane of
earth and the satellite's orbital

plane '28,5°
Tangential speed of earth at
equator (vg) 903 knots
Circular orbit for satellite of . 3
radius (R = Rg + h) 3.65 x 10” nautical miles
A-95 —— NP PPN




AW-411

GO“E;DENTTAY

Subj: WEPTASK RT 7045001/2021/F019-05-02, Passive infrared mapping set fo;-‘
use in Gemini satellite; feasibility study of b

B. Orbital period of satellite
T = 3,16 x 10~10 VR3, (for T in seconds and R in cm)

= 5,50 x 103 sec

= 01,8 min

= 1,53 hr,

C. Circumference of orbit
C =27 x 3.65 x 103 = 22,9 x 103 nautical miles.

D. Orbital speed
vg = C/T = 22.9 x 10%/1,53 = 15,0 x 103 knots.

E. Speed of satellite relative to the earth at the equator (v)

v l'\'r) -
, s~ VE| i
Vex ™ Vs C08 28.5° = 15.0 x 0.879 x 10/
> = 13.2 x 10> Knots ¥
Vs g
Vey = Vs sin 28.5° = 15,0 x 0,477 x l‘yF

= 7.16 x 103 knots |

Vex = Vg = 903 knots «;
-
VEy = 0 ’%

2 3
v -\/(13.2 X 103 - 903)2 + (7.16 x 103) = 14,2 x 103 knots. g
:

A-96
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Subj: WEPTASK RT 7045001/2021/F019-05-02, Passive infrared mapping set for
use in Gemini satellite; feasibility study of ,

F. Angular velocity of a target point on the surface of the earth
relative to the satellite ,

3 : -
v/ih = 14.2x 1927“ mi /br . = 2,63 x 10 2 rad/sec
1.50 x 10 n mi x 3.6 x 10° sec/hr

= 26,3 milliradians/sec.

G. It is desirable that the mapping set not scan from horizon-to-horizon
insofar as the abrupt difference in the level “of radiation from the earth and
from the void beyond would exceed the dynamic range of the sensitive system
under consideration. In addition, the information gained from viewing targets
near the horizon would have negligible value because of loss of system spatial
resolution associated with viewing targets at a glancing angle, A total scan
angle of 120° is considered optimum; this will provide a sweep width of 550
nautical miles on the surface of the earth.

IV. SYSTEM DESIGN PARAMETERS

Enclosure (1) illustrates the design concept of the type of infrared
mapping set under consideration. The set consists of two units: a scanner
and 8 printer. Its design is an extension of that employed successfully in
several generations of passive airborne infrared mapping sets used by the
NAVAIRDEVCEN; there are no radical departures from present designs and all
of the requirements. of the system are within the present state of the art.

Since system noise equivalent temperature difference (a measure of system
sensitivity) improves with increased detector aperture but system spatial
regolution deteriorates with increased detector aperture, it -is apparent that
the choice of aperture dismeter is a matter of compromise. In the event that

A-97 B o o o . N O Y0 "R
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it is decided at some later date to shift the compromise point selected to
one that would yield either higher sensitivity or higher resolution, this
can be accomplished readily by changing the detector aperture diameter.

The detector is maintained at a proper operating temperature of approx- $} i
imately 27°K by thermal contact with a reservoir of liquid neon stored in an ¥
altitude-independent, attitude-independent, metal dewar container of about 7
0.7-liter capacity. The dewar will be equipped with blow-off valves that
maintain a constant absolute pressure of slightly more than one atmosphere
over the 1iquid neon. The design of these valves must be such that only X
gaseous neon may pass through them, Provision must also be made in.the dewat
for maintaining thermal contact between the liguid neon and the detector in -i§.
a gravity-free environment., The innermost wall of the dewar will be con- ~ F
structed of a good thermal conductor such as copper. In addition, & bladder ‘%

b

the dewar remote from the detector, will be inflated by the boiled-off neon
gas and will force the remaining liquid neon to remain in contact with the g
base of the detector element. The capacity of the dewar will be adequate

made of material that will remain flexible at low temperature will be in- g
%.
for three to four days of operation from the time of £illing it with liquid ‘%

corporated in the dewar; this bladder, which will be attached to the end of

»

neon. bl

e

The - scanning mirror will rotate at the rate of 50 revolutions per, second £

and will cause the projected image of the detector aperture to scan repeatcdlyé

across the terrain below with a locus consisting of a series of parallel lines’

perpendicular to the direction of travel of the spacecraft. Scanning in the .-

forward direction is provided by the forward motion of the vehicle. Radiation

is accepted only during those gortions of the scan cycle that the detector is -

viewing the terrain within +60° of the vertical. The number of one-milliradisn
resolution elements per scan will be

i3
i B4

120 degrees/scan x 17.45 resolution elements/degree
= 2094 resolution elements/scan.

For complete coverage of the terrain to be acanned, the minimum rate of scan ki
must be .

v/h (rad/sec) . 26.3 x 10~> rad/sec . 26.3 scans/second.
A9 (rad) 1 x 10-3 rad

é

Since photoconductive infrared detectors generate electrical mnoise whose smpli-
tude is greatest at low audio frequencies, it is desirable to scan at a rate

A-98 w
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greater than 26.3 scans/second so that the bulk of the signal information
vill occur at high audio frequencies. A rate of 50 scans/second appears ! .
reasonable, Accordingly, the duration of the active portion of each scan il
wvill be i
120° | 1 1
20 x — sec = . second, j
360° 50 150 !

The required electrical bandwidth /\f of the system will be

Af = 1/2 x (oumber of resolution elements per second)

2094 resolution elmnts[scan

=1/2 x 1/150 sec/scan = 157 x 1.03 cycles/second,

The effective bandwidth Afeff for computing system noise will be approxi-

mately one~hslf the electrical bandwidth -\ £ because of noise averaging in
the recording medium due to partisl overlap on successive scans.

The electrical signal generated in the detector is amplified and applied
to the intensity centrol grid of a high resolution cathode ray tube. The
electron beam of the cathode ray tube is line-scanned in synchronism with the
scanning mirror.and the resulting intensity modulated line is focused on a
strip of continuously moving 35 millimeter photographic film which advances at
a rate of 2.57 feet/hour, The film, when developed, will yield a continuocus-
tone picture of the terrain under surveillance. The resolution characteristics of
the type of cathode ray tube and of the size:of-the film selected are consistent
with the one-milliradian resolution of the scanner. The 150-foot supply of
film is adequate for more than two-days' continuous recording.

V. RESULTS TO BE EXPECTED

A change in the radiant power AP (wgtt) impinging on a photoconductive
infrared detector of sensitive area a (cm*) produces an electrical output
having a signal-to-noise ratio S/N (dimensionless) given by

S/N = D’;v (cm cps;’/watt) x AP (watt) x a-” (cm-l) x (Afeff) -%.('CPU-&) (Eq 1)

where D:v is the average detectivity (a figure of merit) of the detector ma-

A-99 A .. . SO . ) UK. . 29 .
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electrical bandwidth over which signal and noise are being measured. Applica;
tion of this equation involves the following consideraticms: (1) the emissiog
of radiant power from the target, (2) the transmission of this power through -

the atmosphere, (3) the interception of a small fraction of this radiant b
power by a satellite~borne optical system, and (4) the conversion of this
radiant power to an electrical signal by the detectcr and the subsequent

amplification and reccrding cf the signal. Each of these considerations will’
be discussed in turn. In the calculations that follow it i3 sssumed that the.
targets considered behave as biackbody radiators and that the scanner opticﬂ.
system is 1007 efficient.

The change in spectral radiant emittance of a blsckbody accompanying a

change in its temperature can be determined by differentiating the Planck
radiation equation with respect to temperature. A graph of the resulting
function was obtained by use of reference (a) and is plotted in figure 1.
A reference temperature of 15 °C was chosen. This graph shows that s in the
spectral range of interest, a target temperature change of 1K® produces an
average change in the power radiated per square centimeter of approximately
43 microwatts per micron interval of wavelength.

For clear sky conditions, the principal atmospheric attenuators of infra-
red radiation are water vapor, carbon dioxide and ozone. Reference (%) gives
average values for the concentration of atmospheric water vapor as a functiem
of altitude over eastern United States. These were plotted in figure 2, The
area under -the curve of figure 2 was determined and used to compute the total
amount of precipitable water vapor in a vertical column through the atmos-
phere, The number obtained (36.3 mm of water) was increased by about 40% to
allow for the higher values of absolute humidity to be expected in the troplcs E
and a round number of 50 mm of precipitable water vapor was used in the trans-
mission calculations, Figure 3 is a graph of the percent transmisgion of
infrared radiation in the wavelength range of interest through 50 mm of pre-
cipitable water vapor. Reference (c) was used in making the determination.

e L AR A 2 o AR

Figure &4 is a graph of the percent transmission of infrared radiaticm. in
the wavelength range of interest through an equivalent sea level path of 5
kilometers of carbon dioxide. These transmission values were determined from
data given in reference (¢). The equivalence of the vertical path through
the entire atmosphere to a sea level path of 5 kilometers was concluded from
both references (b) and (c). '

RERS L ST

The concentration cof ozome in the atmosphere is a function of altitude,

latitude, time of the year, and weather conditions (references (¢) and (d)). ?
Typically, the ozone layer exhibits & maximum concentration at an altitude ¥
in the range of 20 to 30 kilomsters. The model atmosphere graph of reference i
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(c) giving ozone concentration as a function of altitude was integrated to
determine & representative quantity of 2.44 mm of ozone (at standard tempera-
ture and pressure) in a vertical column through the atmosphere. The percent
transmission of infrared radiation through 2.44 mm of ozone was then deter- .
mined by further use of reference (c) and was plotted as a function of wave-
length in figure 5.

The net transmission of infrared radiation in & vertical path through the
atmosphere as a function of wavelength was obtained by a point-by-point multi-

plication of the graphs given in figures 3, 4 and 5 and is plotted in figure 6.

An average transmission over the spectral range of 7.7 to 13.5 microms of 39%
was obtained from this curve. .

The net change in spectral radiant emittance of a blackbody per Kelvin
degree change in temperature transmitted vertically through the atmosphere
was obtained by & point-by-point multiplication of the curves of figures 1
and 6 and {s plotted in figure 7. - The integral of the function plotted in
figure 7 over the wavelength range of 7,7 to 13,6 microns is represenged by

the symbol L in the following discussion and has the value 95.8 x 107 wat,-t»o
‘ cm? K

The incremental change in radiant power AP (watt) incident on the infra-
red detector element for an incremental change in extended area target

_tempersture AT can be derived in terms of quantities defined in figure 8.

The target area fgom which radiation is accepted
2 ~ 2.2
2 _=a T(d/2)° h
A= - = "
wb? = o ¥
The solid angle sﬁbtended at the target by the collecting optics
2
) = /2 .
h

The fraction of the power radiated normal to the target surface per eteradinn
of solid angle is 1/7% « Accordingly

— L rd* h* 7Dp* AT 7 D° d° L AT

P=1/% LA Tw - . Eq 2

A ! QA T4 P 4 h2 16 F (Eq 2)
A-101 g NP N~TT KT
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The effective bandwidth Af,¢¢ of the system for noise considerations ‘
_can be expressed in terms of the total time the radiation from a target is A
intercepted. For purposes of computation, consider the case in which the '
projected image of the detector on the target plane is congruent with the
target. Then the total dwell time per picture element (including overlap on
successive scans) is :

T,whz - _h
mThvy 277w

i

where v is the speed of the spacecraft. The effective bandwidth 4‘

Dfggp= L= ZIY - ThPy = 4FE

i
(Eq 3)
n d :

3
@

o 14

1f equations 2 and 3 are substituted into equation 1, the following
is obtained:

s/n = 702 & D} L AT

16 73 (v/n)¥

1f S/N is set equal to unity then AT equals the noise-equivalent tempera-
ture difference ATy and

Aty = 16 F3 (v/in)¥
7% p2 a2 pj, L

For the system proposed:

F=15.24 cm D:v =8 x 109 cm Cpsijlvatt v
D= 8.25 cm L = 95.8 x 106 vatt/cm® K°
d=1.524 x 10°2 cm v/h = 2.63 x 10~ rad/sec.

Therefore A'IN = 0.43K°, This means that a target whoss size is equal to

A-102  CONFIDENTIAL —
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: that of ome resolution element (that is, the projected image of the detector)
. will yield a signal equal to the noise level of the system provided its tempera-
cure differs from that of the surround by 0.43 K°,

ationg 74
zet ig 3
1 the
1 the

arlap , The image of the detector element projected on the earth will have, in

8 general, the shape of an ellipse whose major and minor axes will vary as

f functions of the angle of incidence. For vertical-incidence the ellipse will

} reduce to & circle of 910-foot digmeter; for an angle of incidence of 60° with

. respect to the vertical its approximate major and minor axes will be 3640 feet

. and 1820 feet., Since the minimum signal-to-noise ratio required for reliable
detection of single resolution element targets i{s of the order of two to three,

targets in the above size ranges will be detected at night if they exhibit

temperature contrasts of the order of one degree or more,

In general, but within limits, the minimum signal-to-noise ratio required
for reliable target detection with a mapping set varies inversely as the
square root of the area of the target, provided the target is larger than the
resolution element, If the target is emaller than the resolution element,
the magnitude of the signal is proportional to the ratio of the area of the
target to the area of the resolution element.

18

One can calculate the minimum temperature contrast between target and back-
ground required for reliable detection at night as a function of target size,
Such a set of values has been computed for the proposed infrared surveillance
set and has been plotted as a graph in figure 9, which essentially summarizes

vera- the foregoing calculations.

S e “Wiﬁéﬁ“m}‘ PR T USRI

In daytime use the set would perform largely by reflected solar radiation
and the pictures obtained would appear much like those taken with conventional
cameras, If a target does not behave as a blackbody radiator, that is, if it
is reflective, its apparent temperature will be some intermediate value between
its true temperature and the effective temperature of the sky it reflects.

In this manner, highly reflective objects at the same temperature as their
non-reflective surroundings may appear to be more than 100 $° cooler than
their surroundings and thereby yield intense signals.

VI. CONCLUSIONS

E From figure 9 and from available information obtained with airborne infra-
red radiometers and mapping sets, it is concluded that meaningful information
in the areas of application (oceanography, meteorology, and geology) discussed
in part II could be obtained by orbiting & passive infrared mapping device of
high sensitivity and high resolution, particularly if the device could be
operated continuously over the duration of many orbits such that many areas
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of the earth might be imaged at various times during the diurnal cycle.

Since the proper objects of geology, oceanography, and meteorology (4,
land, sea, and air) are the environments in which military operations take
place, it is likely that information of indirect military value would flowd
from conducting this experiment, Cities would be recognizable from their j
street grid patterns. Paved runways of large airfields would also be reco
nizable. The sites of near-surface nuclear explosions and of missile launchd
ings may be detectable and identifiable for short periods of time after the'dlf
events. Information on the clandestine nighttime establishment of large
military bases and airfields may be obtainable with the orbiting infrared g
mapping eet, Large ships such as aircraft carriers would yield detectable Ak
signals provided their decks differ in temperature from the water by at - .
least four to five degrees; however, these signals would appear on the - 8
pictures as point targets which would not be identifiable. Small ships ;73
and wakes would not be detectable. b7

ey -

The infrared mapping set would probably not provide the earth-orbiting
astronaut with information of value in his mission that he would not already & !
possess with greater precision (such as his geographical location). Con- B
versely, it is not the type of experiment that can be done only in manned -ig i
space flight (such as human biological and psychological experiments). I
However, since it is desired ultimately to land men on the moon and on

other planets, it may be desirable to have thermal pictures of the earth

for comparison with thermal pictures of these other bodies before a manned
extra-terrestrial landing is attempted.

It is councluded, therefore, that an orbiting passive infrared mapping -
set (1) would be of keen scientific interest in several fields providing '
it could be operated for extended periods, (2) would have indirect military
value, and (3) would have limited relevance to manned space flight,

Vi. RECOMMENDATIONS

It is recommended that consideration be given to placing a passive infra-
red mapping set in a gravity-gradient-stabilized, unmanned, earth-orbiting
satellite for scientific exploratory purposes. The device recommended would
have a useful life of the order of one month and it would telemeter its vide
data to earth receiving stations. It is recommended that such work be done
on a time scale that would permit an orderly approach to the objectives
sought and well-considered means for circumventing the many problems antic-
ipated so that an acceptable probability of successful operation would be
attained.
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It 18 not recommended that a passive infrared mapping set be included
in the complement of Gemini instrumentation. .
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Title of Experiment Electronic Surveillance of Ocean Targets for
Ocean Surveillance

1., Test Objective

This experiment is expected to establish the feasibility of performing
a portion of the ocean surveillance mission by performing identification
and position determination by intercept of electronic emissions from
ocean shipping.

11, Importance of the Test

This test is required to provide complete coverage of the useable ‘
frequency spectrum of ocean vehicle emissions for the purpose of ocean 3
surveillance. Only from an orbiting platform can adequate coverage of o
the oceans be obtained, In-as-much as elint alone is a necessary but not o

sufficient ocean surveillance medium, it requires integration and assimu- =
lation of data with all other sources (optics, radar, infra-red scanars) ﬁ‘ﬂﬁliﬁ?

to provide a positive degree of intelligence. The output of the multi- %
sensor array necessary for effective ocean surveillance can be best ¥
obtained and managed by a human performing a selection, sequencing, iﬁ

rejecting, and analysis function. Provision of this additional source »
of real-time data to the astronaut attempting to manage the variety of ¥
tasks required for ocean surveillance will, without doubt, contribute to 2
the assessment of man's ability and utility in space. G

I11, Description of the Experiment %

This test involves the intercept of radio frequency emissions from
ocean vehicles for the purpose of identification and location of shipping
as a part of the ocean surveillance mission. It is anticipated that
provision of such data, properly identified and displayed, to the astronaut,
will greatly enhance the demonstration of his capability to perform an
effective ocean surveillance experiment from space. Problem areas are
expected to be encountered in rapid positive identification of intercept,
suitable display devices and adequacy of intercept range.

a. Configuration of test Items

i

This test can be implemented by provision of a suitable,ommi~
directionat, "broad-band antenna array widi}ﬁ’s, and X band capability -
feeding computation and display equipments. Antenna systems to be located
on the MOL exterior with computation equipment located as convenient within
the MOL in pressurized or non-pressurized spaces and display equipment
located in the ocean surveillance "information center', Further detail
provided in attachment A,

Excluded from automatic

downgrading and declassafication. A-116 m
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b. Test-Support Equipment Required

(1) Routine test and maintenance equipment, spare parts, signal
enerators, auxiliary power supplies and related equipment to support
this test will be required in the spacecraft,

(2) Necessary ground test equipment exclusive of that above will
include test radar, elint simulation equipment, antenna calibration and
alignment devices and associated equipments. Additional detail will be
provided in Attachment B,

c. Test Procedure

This test will be accomplished as part of the general ocean
surveillance test and, as such, will utilize pre-arranged target-ship
formations stationed within knows range of the MOL orbital path. Ships
within the test patterns will be cOngigured with suitable radiators to
serve as characteristic elint/targets and the ability of the astronaut
to identify the emitter and effect correlation with other data will be
directly assessable. The astronaut will utilize this experiment as
another data source and his ability to identify the signal, confirm
location and effect correlation with other data sources will provide
measurement of the man's contribution. A precise definition of testing
sequence is unknown at this time, However, it is anticipated that the
elint experiment would operate automatically and would remain active
continuously during each test period.

't
le
AP

£

4
¥

d. Category of Experiment

Category B. This experiment will contribute directly to the MOL
objectives, however, it is not expected to have appreciable effect on the
laboratory design.

v

wt, e. Cost

Prior FY65 FY66 FY67 FY6s8 FY69 TOTAL

(1) Engineering & 100 500 1,750 1,500 800 4,650
Development

(2) Installation 350 1,450 1,750 3,550

| (3) Ground Support 300 350 400 - 1,050

in ' TOTAL 9,250

LR
"
.

Schedule
(1) Hardware and software available for test beginning in FY 67,

(2) Hardware and Softwaxe flight readiness date FY 68.
—SEECREF—
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1V, Participating Government Agencies

Sponsor: Department of the Navy, Bureau of Naval Weapons
Test Equipment Acquisition: Naval Research Laboratory

V. Additional Reguirements

a. Special Security

Normal security procedures associated with intercept and analysis
of uncooperative RF data.

b, Manning Description Summary

See Attachment E.

c. Logistics oo
"J\)'M

This experiment cam be supported from logistics point of view
within available Department of the Navy supply system., No special logistics
problems are anticipated,

d. Facilities
This experiment will require special simulation facilities as part
of the integrated ocean surveillance mission experiment. Specific facilities
for experiment definition and astronaut training will be required and
provided by the experiment development program.

e. Simulation and Training

(1) Astronaut: To perform this portion of the ocean surveillance
experiment the Astronaut must be a trained Elint/ oBePver and must have
technician capability for equipment maintenance. Simulation testing will
be included as a portion of the integrated ocean surveillance experiment
simulation and training program. Navy laboratories and training facilities
include necessary capabilities.

(2) Ground Personnel: Ground personnel involved in simulation and
training will be needed to provide necessary support in areas of physioclo-
gical monitoring and planning, Elint instructors, training aids specialists,
radar and electronic technicians, and project engineering and management,
Many of these personnel will fulfill similar roles in the other experiments
making up the integrated ocean surveillance experiment.

(3) Equipment: Equipment required for simulation and training
will include RF generation equipment, radar simulators, signal displays,
communication link, environmental control, physiological testing and
measuring equipments, etc. With few exceptions, all necessary equipment in
this category will be available in Navy laboratories.
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Vil. General

a.

b. Development Characteristics:

Communications and Data Handling Equipment: Attachment F,

See attachment G,
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ATTACHMENT B

TEST SUFPORT EQUIFMENT

1. RECORDING MEDIA
a. Tape ~ As Required
b. Film - As Required
c. Other - Unknown

2. HANDLING

Component equipment comprising this experiment will be compatible
with manhandling and will require no special equipment,

3. PACKAGING ~ To be determined

4, CALIBRATION

Pre-launch calibration of antenna alignment and equipment capability %
will be required. Possible post=-launch calibration may be required to be
determined,

5. JIGS AND FIXTURES ~ As Required
6. NUMBER OF LEADS FROM OUTSIDE TO INSIDE STATLON

Not known at this time, However, some quantity of antennae on the
spacecraft exterior will require electrical connection with equipment
within the spacecraft.

7. SENSORS - None ' =
8, TRAINERS/SIMULATORS - As required

9, INSTRUMENTATION - As required

10, RELATED SUFPORT EQUIFMENT

a. Targets - To be arranged within operating constraints of the
development test activities of the fleet units,

b. Ground Stations - Indeterminate at this time. To be accomodated
within existing DOD ground station networks where practical.

c. Handling Equipment - None
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11. AGE -

Routine electronics ground support and evaluation equipment will
be required and available within the Navy system.,

12. ENVIRONMENTAL TEST EQULEMENT - None
13, FACILITIES

ff Available within the Navy laboratory system.

Cllity
e
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TEST OPERATING CHARACTERISTICS

1. ORBITAL PARAMETERS (desired)

a. Altitude: 100-200 nautical miles

o
¥ s
hesd
.,«!. 3
e
=3

£

[
,v

b. Inclination: For purposes necessary to MOL requirements, inclinatio
of orbit is not critical. However, an operational
ocean surveillance capability derived from MOL type
experiments will require near polar inclination.,

c. Epoch: Coincident with MOL launch.
d. Elliplicity: Near Circular

2. PLANE CHANGE: Not required

3., ALTITUDE CHANGE: Not required

4., TIME ON ORBIT: Thirty days

i Al AR S PR e B :‘b»‘&mp

5. TEST DURATION: Tests will be a function of time spent over ocean areas

and in particular over pre-arranged test target complexes.

. 1
6. TOTAL NUMBER OF TESTS: Unknown at this time. Part of training and i
simulation program may be performed in an airborne :
laboratory which will permit better definition of §
this item. 4
4
7. TEST FREQUENCY: To be determined as above. ?
8. INTERVAL BETWEEN TESTS: As required by Astronaut duty cycle and
experiment requirements. To be determined.
9. CREW TASK LOADS: To be determined
10. CREW TASK FREQUENCY: To be determined
11, FIELD Of VIEW REQUIREMENTS: I 75 degrees across orbit trackenarrow beam
45 degrees ahead of spacecraft.
12. GROUND CONTROL LIAISON DURATION: To be determined by overall Ocean
Surveillance experiment.
13. GROUND CONTROL LIAISON FREQUENCY3 As 12 above
14, EXTERNAL TEST ITEMS: None
a. Launched from station « none
b. Launched from resupply - none
c¢. Launched from ground = none — e R
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15, QUALIFICATION TiSTS:

a. GCround - Astronaut training, equipment calibration, astronaut
calibration

> ; b. Atmosphere - None

ation I :
. . 16. SEQUENCE OF EVENTS AS THEY OCCUR DURING rLIGHT: Intercept system
e operating passively will veceive a series of test
' W signals which will be processed and presented via
Sk a suitable grid display to Astronaut for )
' (a) Identification and (b) for location notation of
E' emitter followed by action taken with other related
i ¥ sensors,
, 17. HANDLING PROCEDURES: Not Applicable
*
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ATTACHMENT E
MANNING DESCRIFTION
1. ASTRONAUTS
a. Number required -~ one
(1) Man's function

(a) As part of test - monitoring elint intercept display - tentative
identification of ship class - decision making utilizing elint
display output.

(b) As technician conducting test - equipment adjustment for fine
grain tuning - varying display parameters - adjustment and
repair of equipment.

b. Crew skill requirements - Electronics specialist with specialized

training in elint signal analysis and recognition; capable of
equipment troubleshooting and minor repair.

¢. Manpower Profile - one or two per test mission

d. Critical Functions - None anticipated

e. Work Positions - In ocean surveillance experiment data center for conduct
of experiments and as required for maintenance and adjustment of
equipment

f. Time Controlled Tasks -

g. Human Performance Measures - To be determined,

L it Rk

LA

h. Physiological and Psychological Measures - As required. To be
determined as means of analyzing and measuring the effect of the
Astronauts ability to perform the work tasks on the ocean surveillance
experiment. :

i. Selection Factors - Qualified Astronaut plus requirements of lb. above

j. Training Requirements - See lb and 1i above.

2. GROUND PERSONNEL

LA TR I o 0 i A gty e

Ground personnel requirements for this experiment have not been defined,
however it is anticipated that existing Navy organizations and personnel
capabilities will be directly applicable,
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TEST SUPPORT EQUIFMENT
1. RECORDING MEDIA
a. Tape - As Required
b, Film - As Required
¢. Other - Unknown
2. HANDLING

Component equipment comprising this experiment will be compatible
with manhandling and will require no special equipment.

3. EACKAGING - To be determined
4, CALI1BRATION

tre-launch calibration of antenna aligment and equipment capability
will be required. Fossible post-lsunch calibration may be required to be
determnined,
S. JIGS AND FIXTURES = As Required
6. NWIBER CF LEADS fROM OUTSIDE TO INSIDE STATION

Not known at this time. However, some quantity of antennae on the
spacecraft exterior will require electrical connection with equipment
within the spacecraft.
7. SENSORS ~ None
8. TRAINERS/SIMULATORS « As required
9., INSTRUMENTATICN - As required
10, RELATED SUWFPORT EQUIvMENT

a. Targets - To bs arranged within operating constraints of the
developmant test activities of the fleet units.

b. Ground Stations - Indeterminats at this time., To be accomodated
within existing DOD ground station networks where practical.

c¢. Handling Equipment - None

TR 2F T 4 R
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11. Ac.i -

Routine electronics ground support and evaluation equipment will
be required and available within the Navy system.

12, ENVIRONMENTAL TEST EQUIIMENT - None
13. FACILITIES

Available within the Navy laboratory system.
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TO ¢ Code 7000 DATE: 9 March 1964

PROM : Code 5260

suBJECT: Identification of Ships

1. It appears very likely that the identification of ships may be carried
out without increase in equipment carried by the ships by making use of
Mark X (SIF) IFF equipment already installed aboard our ships and those of
Great Britain, Canada, and possibly other NATO countries. By pre-
arrangement with these ships, it would be possible to determine their
individual identity by making use of the three modes of interrogation and
over 4096 reply codes provided by the IFF system.

2. Major technical obstacle to this project appears to be the design and
engineering of a directional antenna to be installed aboard the satellite,
Most promising approach would be utilization of a second feed to the radar
antenna and similar techniques to those proposed for the radar operation.
The maximum slant range required of 350 miles will require somewhat higher
effective peak power than normally provided by the nominally 200-mile range
IFF system, However, the 32 db antenna gain anticipated for the radar
antenna, if duplicated for IFF, would more than make up the deficiency in
effective radiated power, and insure operation on both interrogation and
reply paths.

3. Push-button identification could be provided with the four octal-digit
reply codes displayed on a separate small indicator by active readout
equipment already available or, if desired, displayed on a PPI near the
radar echo.

4. Replies from U. S. and allied aircraft will be elicited by the same
interrogations which produce replies from ships. Distinction between the
two types of vehicles may be necessary by code assigrment in lieu of
recognition of their widely different velocities which may not be possible
from a rapidly-moving satellite.

5. Assuming that the antenna problem can be solved as part of the radar
antenna program, the remaining equipment would be very similar to existing
airborne IFF equipment. Present equipment weighs 50 to 100 pounds and costs
10 to 20 thousand dollars. Microelectronic versions would weigh much less,
cost slightly more at the present time, but less later on as production

develops.

, 2
fggem Tt V/ V/‘/WW/Q_/V
T. 58 C. V. PARKER

1 .
) \IZD ~ Head, Security Systems & Avigatior. Branc
Electronics Division

Excluded from automatic
downgrading and declassification.
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Beacon System
I TEST OBJECTIVE

To locate a ground station equipped with a simple, lovl
powered UHF beacon,
11 IMPORTANCE OF TEST

A test is needed to determine the accuracy of location, Since
the MOL can cover an enormous area of land and sea within e few hours,
it is a logical vehicle to be used in search operations for air crash
or ditching locations, 1f successful, this test could lead to the
sdoption of an sutomstically ejected crash beacon that would be
precisely located within several hours. Prouwpt location would increase
the probability of rescue of survivors, sod at the same time obviate
the need for large mumbers of sesrch aircraft.
111 EQUIPMENT IN MOL

1. UNPF crystal controlled multi-chsannel receiver,

2. Pulsed UHF transmitter,

3, Digital range indicator

4, Digital clock indicator .

S. Data recorder

6. Dual antenna

v DESCRIPTIOR OF TEST
Bescon equipment would be installed in severel aircreft,

ships, and ground stetions, Each beacon would operate on & separate
crystal controlled chsanel, Upon interrogation from the MOL, a coded
reply on e present frequency would be transmitted, As the MOL comes

within range of the beacon, the coded replies are received and range

Downgraded at 12 year intervals;
A-131 T CONFIDENHAL-.

Not automatically declassified.
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Beacon Sygtem

and time are printed on a taps. Since the path of the MOL over the
surfece of the earth will be knowa from data supplied by ground trackiag
stations, rangs snd time information will.produce two possible bescon -
locations. A sensor em the dusl antemns will determins which is the
true lecatiocn. A ground station for copmputing true latitwde amd

longitude from tslemsterred data msy ba desirable,

L4/
L RTINS

LlIrdrsd A T é,},
Ay P A A S o

N b Cu
If the locatiom of the beacod is known, range and time informstion
can be used to compute the path of the MOL,
v Estimated Total Cost

$250,000
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Title of Experiment: Electromagnetic Communications

I. Test Objective: The objectives of this experiment are threefold, namely:

(1) To determine to what degree communication coverage from surface
radio stations in the ELF to HF frequency range, particularly those located
in the continental USA, is available to MOL.

(2) To measure the impedance of radio antennas over the ELF to HF
range in the plasma surrounding the spacecraft.

(3) To obtain as much information as possible on the propagation
characteristics of radio signals from ELF through HF in and through the

ionosphere.

II. Importance of Test: . Electromagnetic signals below the HF range are
generally presumed to be limited in usefulness to the space between the
Earth's surface and the ionosphere. However, low frequency propagation
in and through the ionosphere has come to be recognized (e.g., whistler
mode) and has been demonstrated at VLF by the LOFTI program. This
circumstance points to the possibility that low frequency transmissions
may provide the answer to a vexing problem, namely communication to or
control of spacecraft over any part of the Earth by demonstrating that
communication over the bulge of the Earth can be provided by such trans~
missions. The tests .described herein are also designed to investigate
other frequency ranges up through the HF band, to enable prediction of
the performance of transionospheric communications in these ranges and
to provide design criteria for antenna systems for proper coupling to the
magneto-ionic medium surrounding the spacecraft.

III. Description of the Experiment: A major objective of this program is to
determine the effectiveness of ELF through HF transmissions for Naval
communication to spacecraft. It is expected that a series of simple tests

by the astronaut will provide the necessary information. Basically the
objectives and procedures are simple and can be carried out easily, although
the attention of an astronaut for considerable periods may be required.

a. Confiquration of Test Items /

Items required for this program are ELF through HF receiving equip-
ment capable of being tuned to the several U.S. and other transmitters,
the necessary cables, headphones, loop antenna and dipole antenna (both
of which are external to the craft), appropriate telemetry and recording
equipment and antenna impedance measuring means used in connection
with or integral to the receiver.

Downgraded at 12 year intervals;

Not automatically declassified. A-133 m
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b. Test Support Equipment Required

(1) The total weight of the spacecraft equiﬁment is estimatéd to be

about 60 pounds, with the volume about two cubic feet (antennas not erected), :

A dipole and a loop antenna attached to the MOL are needed, arranged so
that they may be extended after orbit is achieved.

(2) Ground support will require suitable signal generators (2 to 4),
oscilloscopes (2), auxiliary receivers and other miscellaneous radio equip-
ment.

c. Test Procedure

In the first portion of the experiment, the astronaut simply observes
and records the signal strength of the ELF through VLF stations that he hears
in various parts of the orbit. He tunes across these bands and records in
broad detail what he receives. Next, he makes similar observations in the
LF through HF range.

He then makes observations designed to determine the impedance
and related characteristics of the dipole and loop antennas extended
external to the spacecraft. Such information is essential for proper design
of antennas for coupling of a receiver or transmitter to the magneto-ionic
medium. These observations should be programmed so that antenna
impedance in different parts of the orbit may be determined. These
measurements will later be related to the Langmuir probe observations of
electron density to be made in other experiments and to orientation of the
antennas relative to the Earth's magnetic field.

Lastly, data for determination of the propagation characteristics
of ELF through HF signals is collected. Observations for determination of
the apparent direction of arrival of signals, time of arrival of signals at
the spacecraft, etc., are made. ‘

(1) The experiments are so designed that man is an essential part
of the program. Inclusion of man in the experiments will allow determinations
to be made from observations carried out during one or two orbits which
would require much more elaborate instrumentation and much more time if
an unmanned vehicle were used.

(2) The astronaut will serve primarily as a technician in conduct
of the prescribed experiments.
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(3) In brief, the testing sequence will first require that the man i
simply observe and record signals over all parts of the globe. This will re~ ;
quire fairly continuous monitoring of a receiver by an astronaut. The other .
experiments can be performed perhaps five to ten times during an occasional i
orbit and will require approximately a total of about 10 minutes for each
observation.

d. Category of Experiment
(1) Category (b).

e. Cost (thousands of dollars)

FY 65 FY 66 FY 67 FY 68  FY69 i
600 300 300 300 500

f. Schedule
Not now available. |

IV. Participating Government Agencies: Sponsor - BUWEPS (NRL).

V. Additional Requirements:
a. Security: No special security.
b. Manning Summary: See attached sheet. j

c. logistics: Unknown
d. Facilities:
Existing facilities can be used; equipment required in spacecraft can
be brought from Laboratory to launch site for integration.
e. Simulation and Training . |

(1) Astronaut: The astronaut is not required to perform difficult
scientific tasks and can easily be trained as a technician to carry out the

program. A briefing of two days plus four hours of simulated training should

be ample. Detailed experimental procedures for the astronaut to follow will
be provided by NRL.

(2) Ground Personnel: Ground personnel must be NRL~trained
engineers and technicians, intimately familiar with the details of the equipment.

VI. General;

a. Some simple telemetry and recording facilities will be required in the
spacecraft. Existing telemetry equipment aboard MOL can be time shared.

A-135 —GONFIBENTHAE—
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MANNING DESCRIPTION

1. ASTRONAUTS
a., Number required: (1)

(1) Man's function: Astronaut will function as a technician
conducting test. '

b. Crew skill requirements

A briefing of two days and training period of four hours should be
sufficient.

c. Manpower profile

Essentially continuous attention of one astronaut will be needed
during at least two orbits to determine the ELF through VLF coverage, with
similar attention for LF through HF. About 75% of an astronaut's time for
two or more orbits will be required to record the essential data in the
antenna impedance observations.

d. Critical functions

Observation of signal characteristics (including apparent direction
of arrival) and recording of antenna impedance data.

2. GROUND PERSONNEL
a. Number required: 2 engineers and 2 technicians

(1) Function: Mainly technical, conducting tests, observing
anomalous data, etc,

i s st oa il I o AN

b. Crew skill requirements

Ground personnel must be highly trained relative to all aspects of
installation, test, and operation of equipment. Laboratory people who have
participated in the design and development of the equipment will be assigned. :

c. Manpower profile —

All ground crew members will be required to be on hand where 1
needed 6 weeks prior to flight, to complete installation and test. The pre- i
flight number of personnel should drop to one as soon as all installation
and check out is completed, but will increase to two before launch.

d. Critical functions
Check out.

RTINS ¥ [

No special requirements for other items.
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DESIGN CHARACTERISTICS OF EQUIPMENT
(FOR SPACECRAFT)
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Equipment (to be provided by NRL): Receivers, antennas, impedance
determination means.

Weight: 60 pounds

Volume: One cu. ft. (receiver and impedance determination means) plus
one cu. ft. for antennas (unextended). The antenna packages will be
attached to MOL and will be extensible by the astronaut.

Power required:

a. 250 milliwatts continuous

b. 2 watts peak for 60 minutes

Spares:

a. Volume - One cu,; ft.

b. Quantity -1

c. Weight - 20 lbs.

Tools: No specia'l tools required.
Heat Output: Maximum, 2 watts for 60 minutes; 1/4 watt at other times.
Stability: No special requirements.

Vibration Limits: Vibration tested prior to installation.
Shock Limits: Shock tested prior to installation.
Hazards: None

Temperature Limitations: 10-40°C desked.range.

Type and Range of Measurement: Radio signals received, apparent direction
of arrival, Doppler shift, time delay, antenna impedance from ELF through HF.

No special environmental requirements.

Orientation and Position Accuracy Requirements: Information on antenna
attitude and spacecraft location sufficient to relate measurements in
spacecraft to observations on the ground. '

Equipment Operating Cycle: Receiving equipment will be operated con-
tinuously through several orbits to initially define limits of reception.
Other measurements can be made at intervals throughout orbit (10 per orbit).

No special requirements for other items.
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SUMMARY
Title of Experiment: SPACE STUDIES USING FAR ULTRAVIOLET

IMAGE ORTHICON ABOARD A MANNED
SATELLITE

I. Test Objective*

Preparation of star mapé and tables giving the bright-
ness of stars in the far ultraviolet (1230-1700 X).

Determination of utility of far ultraviolet orthicon in
providing dawn warning.

Determination of utility of far ultraviolet orthicon in
making visible subvisual auroras, day auroras and particle
dumping zones in the earth's atmosphere.

Determination as to whether air molecular impacts on
solid objects moving at orbital velocity produce recordable

intensities of far ultraviolet radiation.

14

Determination as to whether gas leaks and exhausts trails

o
are rendered visible by 1230-1700 A orthicon device.

11. Importance of the Test

The star mapping program is of astronomical interest in
that it provides a measure of the main emissions from early
type stars. As such itlprovides the critical test of radi-

/

ation transfer theory as applied to hot stars. 1t is

*Objectives are detailed in accompanying documents: "Military
Aspect of Far Ultraviolet Orthicon Program and Application to
MOL," by T. A. Chubb and '"Proposal for Mapping of Night Sky by

Means of a Far Ultraviolet Image Orthicon Aboard a Manned
Satellite," by G. T. Hicks, T. A. Chubb and H. Friedman.
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important in estimating tHe total energy output of the galaxyi

The mapping also is crucial in providing additional knowledgexf
ol concerning mechanisms of interstellar absorption. Militarily;i
: accurate knowledge of the vastly simpler sky observable in th;'.
far ultraviolet combined with the far weaker sun may make

:f possible simpler celestial missile guidance schemes than thosei‘

OISR

currently available.
o
Tests of the 1230-1700 A far ultraviolet orthicon as re-

gard its utility in providing dawn warning, particle dumping

warning,detection of solid objects moving at satellite speeds, §_

v% and detection of gas leaks and rocket wakes; these tests é;
E all relate to orbital technology and defense of orbiting i
vehicles. ‘ ;;

Studies of subvisual and daytime auroras relate to the z

g mechanisms producing the Van Allen Belt. %
;j The celestial mapping must be done in space because the é%

atmosphefe absorbs the radiation of interest. The technological

[N

i

tests must be made in space because the collection of atomic andt
metastable molecules making upAthe upper air cannot be duplicated
on earth and because of wall deactivation.

The above studies can in principle be done in unmanned
satellites. In practice, however, hand tuning and adjustmgnt !
of the closed circuit orthicon camera chain has been found
essential for ground based low light level television. In
addition, photographic recording of data is required, hence S

recovery is required.

ey
S TR
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The usefulness of far ultraviolet imaging devices in space
work cannot properly be assessed without the above types of
test. The view of a far ultraviolet orthicon is completely
different from the view of the human eye. Distant vision
with far ultraviolet imaging devices has never before really

been practical.

I11. Description of the Experiment

The proposed experiment consists of mounting in a manned
spacecraft a television camera chain consisting of the follow-
ing components:

A far ultraviolet sensitive orthicon and camera
electronics mounted at the focus of a reflection - optics
wide-angle Schwartzchild Camera.

Camera control and monitor package modeled after the
Navy BX-7 closed circuit television system.

A synchronized movie or multiple exposure camera unit

operating at low frame speed to photograph the television

monitor screen, as used in the NRL meteor astronomy program.

The tests consist of the procurement of a set of photographs
of the television raster screen made at a set of prechosen

view direction orientations and under varying day-night con-
ditions. Provision should also be made to permit placing of
surfaces in the free air stream so that they may be viewed by

the orthicon detector.
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a. Configuration of Test Items

The far ultraviolet orthicon and optical system con-
sist of a single unit and must be mounted so that it can look
outside the MOL. Communication to the inside of the space-
raft can be by a hermetic sealed wiring header. The viewing
port should be six inches in diameter or greater. The camera -
control and monitor package consists of a separate electronic |

chassis containing a small cathode ray viewing screen. This

AR R T e

unit must be mounted inside the MOL. The synchronized movie

or multiple frame camera unit is used for photographing the
television raster for recording of data. The camera can be :j
a conventional electrically operated movie camera if desired, %
or single frames of the television raster may be individually *é
photographed on a simple multiple exposure camera. ;2_
Estimated weight, power and volume for the electronics %
of the -orthicon system are: t;
30 pounds; 70 watts at 24 volt d.c. during operation; é%
and 1 cubic foot. o

The total system is packageable in a voume of three
cubic feet, with a total weight of about 40 pounds and power f
as indicated above. ;
c. Test Procedure ' ?
&

(1) What is man's role with relation to the experiment?&
The astronaut adjusts the orientation of the spacefg
¥

craft in accordance with a pre-chosen orientation schedule and q%
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who also serves as a television operator. He adjusts the
camera controls for best television image and the monitor

for proper framing, brightness and focus. It is recom-

mended that the astronaut be given four to'six weeks-
ra ?%1 experience in operating a ground-based closed-circuit
ic 3 television system of the same type as the flight unit
‘%{ (except for spectral range of the orthicon tube).

e ¥ e. Cost ' FY 65 FY 66 FY 67 FY 68

. & (1) Engineering & 430 K 355 K 100 K 100 K
b Development
! i (2) Installation
d, T (Spacecraft Costs) ... . 300 K 300 K 300 K
1y & (3) Ground Support 90 K 160 K 75K 75K |
i !
%‘ TOTAL 520 K 815 K 475 K 475 K |
1ics %’ The above costs were conceived as applying toward two
¥
- flights, one in Fiscal Year 1967 and one in Fiscal Year 1968.
L SoN
on; i |
'? IV. Participating Government Agencies
e o | Sponsor: The U. S. Navy under technical direction of
er : ' Herbert Friedman, Talbot A. Chubb, Grady T. Hicks,
§ and Edward T. Byram, of the U. S. Naval Research
vl Laboratory.
-imentﬁ :
g ) !i
spaceg f ﬁ
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Proposal for
Mapping of Night Sky By Means of a

Far Ultraviolet Image Orthicon Aboard a Manned Satellite

by the
E. 0. Hulburt Center for Space Research

U. S. Naval Research Laboratory

Washington, D. C. 20390

1. INTRODUCTION

The development of rockets and of orbiting vehicles has
permitted a major extension of astronomical research into
spectral regions inaccessible from the surface of the earth.
The space astronomy studies thus far accomplished have been
concerned mainly with the ultraviolet emission of early type
stars and the present proposal continues this line of study.

Past experiments in far ultraviolet astronomy have been
made from Aerobee rockets equipped either with simple reflec-
ting telescﬁpes and narrow band photometers or objective
grating spectrographs. Although considerable iaformation has
been obtained from the rocket flights, it has beer limited
to only the brighter ultraviolet stars. Moreover, the infor-
mation has been sketchy; major porticns of the sky have:not

been surveyed and major gaps in knowledge exist in those
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portions of the sky that have been explored. The rocket
techniques encounter severe éroblems in identifying
individual stellar sources in the Vela, Puppis, Carina

region of the Southern Milky Way, because of the high density
of relatively bright (less than 6th magnitude) early type
stars. Finally, the exploratory character of the early
rocket work makes it most desirable that conclusions

reached in these early studies be checked by other experi-

mental techniques.

I1. SCIENTIFIC OBJECTIVE

The scientific objective of the proposed experiment is to
map the celestial sphere in the far ultraviolet region of
the spectrum from about 1230-1700 ﬁ, so as to provide relative

photometrié intensities for the early type stars. The

achievement of system sensitivities several orders of magnitude

greater than those used in the present rocket photometer scan
studies will be sought.

It is not possible to predict all the scientific results
which might develop out of a far ultraviolet orthicon map-
ping program, but some possibilities are listed below:

i

1. Improved spectral classification of early type

stars: It is presently known that visible photometry
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and MK spectral classification can be used empirically
to predict stellar brightness in the far ultraviolet.
The observed far ultraviolet brightnesses, however,
scatter about the empirically predicted values by aboﬁt
one stellar magnitude, suggesting that present methods
of stellar classificatior may be inadequate.

2. Tests of stellar model calculations for early

type stars: The orthicon mapping program may not pro-

vide an immediate direct test of model theory, since '
only relative far ultraviolet stellar brightness measure-
ments are likely to result from early_orthicon requirements.
1f, however, the orthicon photometric scale is calibrated

by rocket flights, giving data on a few stars, the

results can then be converted to absolute flux readings.
Even without rocket calibration, the mapping program

should provide some check on stellar model theory, since

it will provide photometric comparison between early A

stars and the B and O stars.

3. Measurement of interstellar absorption: If the

expected increase in sensitivity over rocket photonmeter
mapping techniques is achieved with the orthicon unit,
stars sufficiently distant should be seen so that the
flux arriving at the earth will have been affected by

interstellar absorption. Brightness comparisons between
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near and far stars will then measure interstellar absorp-
tion and a comparison between light absorption in the far
ultraviolet and in the visible should then be possible.
Such absorption data should lead to a better understanding
of the size distribution and character of matter in space
and of the resulting absorptior process.

4. Far ultraviolet emission from extrag@lactic

nebulae: If the expected orthicon sensitivity can be ob-
tained, it appears that far ultraviolet emission from the
Andromeda nebula may be detectable. Such a measurement,
combined with presently available visible and near ultra-
violet data should give a realistic measure of the relative
importance of far ultraviolet radiation in galactic energy
release.

5. Emission nebulosities in the far ultraviolet:

At present'there is no good measure of the far ultraviolet

‘brightness of emission nebulosities. If the far ultraviolet

emission from such nebulosities is at all comparable with
energy release in the visible, it should be measurable with
the orthicon systen.

6. Far ultraviolet images of moon and planets:

The far ultraviolet image orthicon system sensitivity should
be adequate to detect the full moon as a source, and thereby

to measure the albedo of the moon. Such a measurement may
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be interpretable in terms of Lunar surface characteristics.
The optics planned for initial studies would most likely
be designed for too wide an image augle to provide for
study of detailed features on the Lunar surface, aithough
future studies could be directed toward this goal. Detec-
tion of Jupiter may also be possible, most likely because
of the high albedo expected in the far ultraviolet caused

by Rahleigh scattering in its extensive H, atmosphere.

I11. ORTHICON IMAGING VS. DI
VIOLET MAPPING FROM MANNED SATELLITES

-

This choice of orthicon televsion techniques as the
means of carrying out the far ultraviolet mapping program,
as opposed to direct photographic mapping, is based on two
factors. "First, we do not know how to do the work by direct
photography. Secondly, the use of image orthicons permits
the work to be done faster and requires less perfect vehicle
stabilizatién than direct photography. This second factor
is a result of the greater optical speed (higher semsitivity)
of the orthicon detector as compared with film.

The use of direct photography for mapping the night sky
below 1700 2 is difficult because there exists no satisfabtory

optical filter material which will block the visible and
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modest optics, image orthicon systems have been very

near ultraviolet and at the same time transmit any radiation
in the far ultraviolet. No photographic film is available
which is sensitive to radiation below 1700 X and not sensi-
time to radiation in the near ultraviolet and visible regions
of the spectrum. Because of these two factors, film and
filter cannot provide imaging sensitivity confined to the

1230-1700 X or similar spectral band. In contrast image

orthicon units can be built with CsI photosurfaces which are

quite sensitive below 1700 X while being dead to near ultra-

R S

violet and visible radiation.

The great sensitivity achievable with image orthicon
detectors has been demonstrated many times. For example,
image orthicon systems are capable of recording meteor

trails too weak to record on visible film. With very

effective 'in picking up the ANNA satellite even when its

A R R N AR G s

light flashes were operating at very reduced intensity. At
Organ Pass, New Mexico, orthicons have provided good images

of extragalactic nebulae with about 16 seconds integration

time.
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PROPOSED EXPERIMENT

The proposed experiment consists of mounting in a manned

lowing componerts:

spacecraft a televisior camera chain consisting of the fol-

1. A far ultravinlet sensitive srikicon and

camera electronics mounted at the foxus of a reflection -

optics wide-argle Schwartzchild Camera.

2. Camera cortrol and monitor package modeled

after the Navy BX-7 closed circuit television systemn.

3. A synchronized movie camera unit operating at

low frame speed to photograph the
screen, as used in tkhe NRL meteor

4. An astronaut who adjusts
the spacecraft in accordance with

orientation schedule and who also

television monitor
astroromy program.
the orientation of
a pre-chosen

serves as a television

operator; who adjusts thke camera cortrols for best

televisionr image ard the monitor for proper framing,

hrightress and focus. It is recommended that the

astroznaut be given four to six weeks experience in

operating a ground-based closed-circuit television

system 2f the samé type as the flight unit (except/for

spectral range of the orthicon tube).
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V. ESTIMATED WEIGHT AND POWER

Estimated weight, power and volume for the electronics

of the orthicon system are:

30 1bs; 70 watts at 24 volt d.c. during operation; and,

1 cubic foot.

The total system is packageable in a volume of three cubic
feet, with a total weight of about 40 1lbs and power as

indicated above.
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MILITARY ASPECTS OF FAR ULTRAVIOLET ORTHICON PROGRAM AND
APPLICATION TO MOL

I INTRODUCTION
The Far Ultraviolet Orthicon Program was original;y con- i
seived mainly as a program for mapping the heavens in a
radiation band 1230-1700 g. As a stellar mapping device the
system was proposed for inclusion in the Gemini program. Use i
of such a system promises to extend enormously our knowledge |
of the emission character of early type stars and also of the

laws governing interstellar absorption. It also provides a

unique means of detecting unusual and unexpected astronomical

objects and of mapping emission nebulosities in the far ultra-

violet. It is not beyond possibility that Doppler shifted
Lyman o radiation might be detectable from distant receding
galaxies.

Although the initial applications envisaged for the far
ultraviolet orthicon program were more or less classical
astronomical applications, it is also apparent that there may
also exist important military and space technological
applications. Probably the most important of such applications

cannot truly be recognized prior to preliminary orbital

a
:
-

explorations. Nevertheless, it seems worthwhile to document
some of the possibilities, so that they may be properly

explored should this program be adapted as part of the MOL
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11 PROPERTIES OF FAR ULTRAVIOLET RADIATION

An examination of the military potentials of far ultra-

violet orthicon technology must start off with an understand-

ing of the properties of far ultraviolet radiation. In the
body of this report we will confine our considerations to the
spectral band 1050-1700 X, namely that region where optically
transparent materials are available and in which sensitivity
is provided by Cs 1 photosurfaces. The important region
1700-3000 X (Cs2 Te photosurface region) is not considered,
although it may have important application to early detection
of high altitude missiles after their partial penetration of
the ozone barrier below 150,000 feet. |

Far ultraviolet radiation (1050-1700 X) has several
important characteristics. First, it is strongly absorbed
by molecular oxygen. This means visibility toward the earth
does not extend below 80 km. This means that it cannot be
used for earth reconnaissance. It also means that when
applied to space surveillance, it is never interfered with
by lights or happenings on earth. Space at orbital altitude
is quite transparent. Secondly, it is basically a high
energy radiation, requiring energies of more than seven
electron volts for its production. As a result, it is

apparently not produced by the normal chemical reactions
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occurring in the upper air which produce the night air-

glow. It is produced by the sun, early type stars,

electrical discharges, particle impacts such as occur

in the aurora. It is produced in shock waves (particle;
object impacts at these pressures) strong enough to cause
jonization, and undoubtedly, therefore, is produced by
meteors. A very few specific wavelengths of far ultraviolet
radiation are resonantly scattered by.atoms in the high

atmosphere. The third important character of the near

earth space environment relating to far ultraviolet is
the character of the naturally occurring emitting sources.
The set of stars emitting far ultravioiet radiation are
far fewer and differently clustered than in the visible.
They are much more strongly concentrated near the Milky

far ultraviolet, and
line

its strongest emission, the Lyman o at 1216 A, is strongly

Way. The..sun is far weaker in the

scattered to the dark side of the garth. The result is
that the difference between day-night illumination 1level
in the far ultraviolet (if one does not filter out 1216 X
radiation and if one excludes wavelengths longer than
1400 %) is only 600:1, in contrast to differences of the

order of 108:1 in the visible.
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The applications of far ultraviolet orthicon technolog;}
will depend significantly on whether the systems are designé;
to accept or reject Lyman o radiation. This difference is ﬁ%
the result of the '"night Lyman o glow." The entire earth is;&
bathed in a diffuse monochromatic light at 1216 X, at an .
illumination level of 0.01 erg/cmz/sec. This single wave-
length intensity is so strong that it equals about five
times the total intensity of all visible starlight, and is
1/600th as intense as the illumination of sunlight in a k-
200 X band centered at Lyman o. The diffuse glow is present
day and night. At orbital altitude at night glow is seen
below the satellite as well as above; the intensity looking
down being 40% that looking up. The change in brightness
occurs in a narrow band at the horizon. The same situation
probably applies during the day.

The far ultraviolet orthicon system proposed for
Gemini exoludes the Lyman o glow. At midnight such a system
would see no airglow except that excited by auroral or other
high energy particles or by electrical discharge or shock
wave. As one leaves sunset or approaches dawn, however,
such a system sees sunlit illuminated air. At altitudes as
low as 200 km, the sunlit horizon is visible with the sun
depressed 22 degrees below the horizontal. Thus, far ultra-

violet radiation provides the earliest warning of the

approaching blinding onset of sunlight.
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111 POSSIBLE APPLICATIONS OF FAR ULTRAVIOLET ORTHICON
TECHNOLOGY TO FURTHERING THE MOL MISSION

Let us now consider how far ultraviolet orthicon technology
may be applied to furthering the MOL Mission. In discussing
these points we will indicate any differences between the.system
proposed for Gemini and that needed to accomplish a given ob-v
jective. Where not obvious we will indicate why use of far
ultraviolet techniques may have advantages over visible light
techniques. Where the application is speculative we will so
indicate.

1) Horizon Location: A LiF window orthicon must be used.

The advantage of a far ultraviolet system over a vis-
ible or infrared system is that in far ultraviolet
the same order éf magnitude of light level is
encountered day and night, provided the sun is not
~directly viewed. The far ultraviolet horizon may not
be as sharp as in IR, but the transition altitude is
higher and not influenced by clouds. The system
could provide an astronaut with clear up-down
reference.

2) Dawn Warning: Horizon view in the far ultraviolet

provides an early dawn warning permitting shutting
down of damageable sensitive visible systems prior

to encountering dangerous light levels.
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3)

4)

Detection of Dangerous Particle Zones Prior to Entry:'
This useage is‘based on the emission of far ultra-
violet radiation by air during particle bombardment.
It may not be important during a peacetime low
latitude mission. Auroral activity over Canada hés
been clearly seen in far ultraviolet radiation from

a rocket flown at Wallops Island, Virginia, at night.
It seems probable that selective optical filtration
could make such events visible during the day, thereby

providing warning prior to entering the danger zone.

It also seems possible that the lower pbrtion
of the STARFISH radiation zone would be visible from
a distance in the far ultraviolet. Airglow back-
ground of visible light would make the visible
portion of the spectrum a poor bet for detection of

danger zones.

Angle of Attack Determination: There seems to be a

possibility that far ultraviolet orthicon viewing
could be used to measure angle of attack. The
method would be based on airglow or surface glow

induced by atom impact at orbital velocity. One

possible method would involve viewing a disk partially

shadowed by a second smaller disk placed in front.
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The front disk would then intercept a portion of the
atomic beam produced by the satellite motion through
the air and the location of the resultant shadow in

the atomic beam would show the angle of attack.

This method of ‘angle of attack determination is
speculative since it is not clear as to whether the
impact zone would be bright enough for viewing. It
is also not entirely clear that the optical method
is competitive with ion collection schemes, which
have been shown to work quite well, although the
optical scheme "probably has higher potential accuracy.

5) Detection of High Velocity Man-Made Objects by Self-
Emission: The possibility of detecting man-made

passive objects by self-emission in the far ultraviolet
is speculative. Such detection depends on the bright-
nesé of far ultraviolet emission produced by particle
impacts at satellite velocity, and needs orbital study,
since the atomic oxygen upper air is not duplicatable
on earth. It is possible that orbital wakes and trails

might be visible.
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Application of Far Ultraviolet Orthicon Technology

to the Rendez-vous Problem: It is not clear to the

author what is presently planned as regards solving
the rendez-vbus problem. In considering applications
of the far ultraviolet orthicon,Awe will envisage
that rendez-vous is effected in the followihg manner.
Consider Craft A actively "rendez-vousing" with
Crgft B. First,the orbital period of Craft A is
matched to Craft B using ground based orbital

period data and fhe judicious application of thrust
parallel to zero angle of aftack. Second, perigee
and apogee altitudes and phases are adjusted by
judicious application of thrust parallel to zero
angle of attack. Third, the orbital location of
Craft A is matched to that of Craft B by judicious
application of thrust along local vertical, there-

by temporarily changing the orbital period of Craft A.
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Craft B should now be visible from Craft A. Fourth,
orbital plane is adjusted by judicioué application

of thrust in a horizontal direction perpendicular to
orbital plane. Repetitive adjustments are required.
Fifth, physical contact is made by final phase adjust-
ment through reapplication of thrust along a vertical
line, contacts being made from above or below.

It seems clear that all the terminal adjustments
in rendez-vous should be made on the basis of infor-
mation available in the spacecraft from optical and
radio means. Optical contact would appear particularly
valuable. Assuming rendez-vous with a friendly craft,
Craft B could easily be equipped with flash lamps
that would make it visible at great distances.

Since we are considering almost coplanar orbital
planes, two such lamps mounted at the ends of rods
exteﬁaed‘perpendicular to the orbit would permit

easy accurate position and direction determination
from Craft B, at close distances. At large distances,
use of radar techniques or of command triggering of
flash lamps could also pernit accurate position and
direction determination. Radial velocities could be
determined by optical or radio Doppler methods, trans-
verse velocities by measuring angular motion rates
relative to a coordinate system anchored to the earth's

horizon.
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We now consider where far ultraviolet optical

techniques may have advantages over visible optical }*V

techniques. The first advantage lies in the very much ??

>
P,

lower light levels that are encountered in the far

Iy
R

ultraviolet during the day. These low levels should .
permit daytime viewing of suitable flash lamps by {;
the orthicon system. They should also give an advantage?
to far ultraviolet Doppler systems over visible Doppler é
systems for radial velocity measurement. The second |
advantage is related, namely the greatly reduced Ei
optical shock problem in day-night traverses. During :;Q
final contact phases the relatively uniform illumina- 'i.
tion by Lyman o glow may permit steady viewihg‘of ;

spacecraft B at quite adequate illumination level. Eﬁ

The possibilities of horizon and angle of attack ;

gy

measurement have been mentioned.

s e
* n A

Detection and Location of Gas Leaks and of Rocket
Exhausts: 1t has been mentioned previously that far

ultraviolet orthicon techniques are capable of
detecting fhe sunlit upper portions of the atmosphere
prior to detection of visible manifestations of sun-
light. This detec{ion is based on the resonance
scattering of IBOQ;Sunlight by atomic oxygen.

Similar resonance scattering occurs when other species
of molecules or atoms are illuminated by proper fm

radiations of light. 1In particular molecular oxygen
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shows resonance scattering at wavelengths near (just
beyond, I believe) the long wavelength edge of the
spectral band under consideration. Therefore, if
the outside of a leaky spacecraft were viewed in
sunlight through suitable optical filters, the leak-
ing gas stream should be luminous. At other wave-
lengths in the far ultraviolet, leaking gas (air or
fuel) streams should appear black by absorption.

The contrast should be very much greater than that

observed when NO, leaks into air at ground level.

Rocket exhausts and outgassing wakes should be

similarly visible.

Military Application of Far Ultraviolet Stellar
Mapping Program: 1The scientific program oi mapping

the stars in the far ultraviolet may have significant
eventual military application per se. The reason is
as fblloWs: The sky in the far ultraviolet is a much
simpler sky than in the visible. The sun itself is

by far the dominant source, but is relatively vastly

less dominant thaﬂ in the visible. 1In seiected far

ultraviolet wavelength bands the sun is of the order
of 104 times as bright as the brightest star, as

compared to 1010 in the visible. The far ultraviolet
moon is an insignificant object. The two brightest ¥

stars are believed to be Zeta Puppis and y Veloren, ﬂ
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hat tic close together in the sky and thereby define'l
a line in space. Most of the other bright ultraviolet?
stars map out a circle in space, defining the galaétici}
plane. The star Beta Copheus dominates the northern !
polar region of the sky. Thus the far ultraviolet sky@%
even as presently known provides a far different and 1
simpler sky map that may have applicability to

simpler automatic stellar navigation systems than

those based on visible starlight.
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ELECTRONIC SURVEILLANCE EXPERIMENT

A. The problem of Ocean Surveillance requires utilization of all . i

sources of information that will serve to locate and identify ocean traffic,
Electromagnetic radiation from a vessel may be used to announce the exis:ﬁﬁce.

of a vessel, determine its location, and perhaps establish its idenity, This

e o e e

information or any part of it provided to an Astronaut attempting to perform an
Ocean Surveillance experiment from the MOL will be of benefit in the assessment é

of the man's ability and utility in space,

B. Development of The Navy Plan for the Electronic Surveillance

Experiment.

1. The Navy technical panel considered three electronic surveillance
experiments that were proposed by Navy Laboratories for inclusion in the MOL.
A general comment applicable to the experiments as proposed is that they
were directed more toward improving capabilities in electronic surveillance
than they were toward assessing man's gapability of performing a militarily useful
function in space;. In addition, the propoaalg did not provide a clean eﬁplanation
of why the man was required or why the experiment must be performed from space,

The functions that a human operator can perform to improve performance of

it Al A PR 8 ISer RN
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electronic surveillance systems are well known and there is little to be gained?

by placing a man in space to perform these functions except to measure his

ability to perform them in space. This analysis concluded that the experiments
as proposed would be of reiatively low importance for meeting MOL requirement#.
2, However, each of the experiments included techniques and
equipment proposals thét were determined to be an essential part of the ocean
Surveillance experiment. The utilization of CZlint and Comint practices and

equipments will provide the Astronaut with another tool to better determine
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:strengths and density and many other necessary parameters are unknown and,imostﬁf

his ability to be useful in space. as result, a single experiment proposgi
was prepared to support and become a part of the integrated ocean surveil};i.
experiment, The experiment objective is as follows: ‘
"This experiment is to establish the feasibility of performing a pqréufa

of the ocean surveillance task by effectinglidentification and location by
intercept of electronic emissions from ocean shipping." 4 {
3. This test is required to provide complete coverage of the use;;s

frequency spectrum of ocean vehicle emissions for the purpose of ocean q;
surveillance, Only from an orbiting platform can adequate coverage of the ;i;
be obtained. In-as-much as elint alone is a necesaary but not sufficient oce?
surveillance medium, it requires integration and assimulation of data :4&% aii
other sources (optics, radar, infra-red scanors) to provide a positive degtee;
of intelligence. The output of the multi-sensor array necessary for effectiw}jQ

ocean surveillance can be best obtained and managed by a human performing a

selection, sequencing, rejecting, and analysis function, lrovision of this 7§

additional source of real-time data to the astronaut attempting to manage the ﬁﬁ
of tasks required for ocean surveillance will, without doubt, contribute to thé?
assessment of man's ability and utility in space. +hile a great deal of the

entire ocean surveillance experiment can and will be simulated it is believed

H
N

by the panel that only in an actual situation - over the ocean, in orbit - can f S
a true measure be made of man's ability to contribute to solution of this milité;i 3

requirement, Data rates, sequencing of data types, precise knowledge of signal @

probably, vary randomily. A research program to establish the above quantities

2

e

te
for purposes of simulation of a MOL type experiment would prohibitive in cost

and time. P

PR L
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C. Development Schedule:

A detailed development schedule for this experiment is not available
;;nd will be generated by planned study efforts. However, the equipments involved,
:development of which would normally be the pacing item, are largely available
;;nd will require only re-packaging, 1htegra§ion into the overall experiment,

;.nd re-work necessitated by the resulting interface.

D, Cost Schedule

FUNDINGSUMMARY
BUDGET REQUIREMENTS BY FISCAL YEAR

PRIOR FY 65 tY 66 rY 67 £Y 68 rP 69 TYOTAL

Engineering, Deveiopmental 70 2460 2060 870 5460
Environmental Testing
Integration & Installation 280 - 535 680 1495
Age 455 230 | 655
Simulators/Trainers 60 610 280 960
Data Reduction 30 340 370
tquipment Rework 130 150 280
Other

TOTAL : 70 2300 3660 2230 420 9250

Thousands of Dollars
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E., Recommendations for Further Study

1. A study propram to initiate and later support the experiment

ht

development is recommended. Immediately, a study is requitedvto: (a) odtI;,
the anticipated interface; (b) identify the types of equipment required;
(c) prepare a detailed experiment development and cost schedulgg (d) providéi
estimates of weight, volume, power required, heat balance, spare parts and

in-flight maintenance &nd test equipment. Concurrently, it will be necessarﬂl

This type study will probably be continued at some level throughout the MOL -3
program. Just prior to initiating equipment development, a simulation prOgr‘;
based on a study will be initiated. A part of the simulation study will cove}

training requirements.

i
]

b+
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Enclosure 1. Description of Proposed Studies
TITLE: Project ARGUS Contributions to MOL

aocm-mtcml oawuibmty m ten m through
matching personality, terperamental, end other charecteristics of individe
uals. Although tesm mewmbers vill presumbly have interected for some time
on the ground snd established s satisfactery relstionship, the stress of
isolation and confinement, separstion from other sources of social satis-
factions, reduced gravitstional fields snd other envirommental effects may
place grester strains on interparsonal relationships, resulting in grester
1ikelihood of comamicstion breekdowns, loss of morals, and loss of inter-
personal ooordinstion. It thersfore sesos irmportant that, within the
lixitations of available astronsuts ead )DL vehicles, crev casposition bve
varied or comtrolled snd the resulting social-e=motional sdjustment monitored
and messured. Performsnce sffectivensss of differently-composed texms would
then be compared to sssess the valus of the altemative crev compositicn

spacecraft or other amel) vehicles intended for long duretions of zsnned
operstions undar conditions of reduced comtact vith society. The reange of
crevw sizes in the MOL progrea permits comperstive studies of crews opereting
wnder considsredls stress with similar missions. laboretory findings should
be velidsted {n MOL, snd perhaps reduced to Qquantitative terms to permit
cost-effectivencss t.nde-oﬂ snalysss vith regaxd to other vehicle desiun
consideretions. ]

. accmld;ian of ltw owr tw. mem is m:omox'y
mmmmmmm,twmmwﬂomwnmr
stress for short periods of time (3-b dxys), prolonged stress has an
scounulative effect vhich can only be compenssted up to & point beyoad
vhich performmnce decremsnt ocows. This question is relesvant to the
frequency of rotetion of MOL crevs, and again involves cost-effectiveness
trede-offs since each lmmching for crevw rotation will be an expensive
event,. Laborstory dete can provide help in this determinstion, but only
NOL itself csn provide conclusive musvers., The study would involve
alternstive langths of time in orbit, and ultcmive wonitoring of physiolo;-
ical and behavioral dsta.
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_peychiatric risks would be eliminsted from the progren, there will otill

L. A study of territoriality and mobilit uirements for men ia 3
taolation anT rorlTaamert - T6s Taportande oF thls study Tos Lo T~ 4
relationship to living space and the deslisn thereof. Currcnt research u;
Project ARGUS and clsevhare suggeets the crucial role of man's need for %

"personal space” and ectivity. Intensive stuly of thess problsms is - ¥
desirable prior to the design of WL, end should be continued in MOL to 2
determine whether conditions of reduced grevity affect spstial or uodbilit
aeeda. Ths etudy envisioned would vary the size and arrsngement of crewv ;3§
living epece to include provisions for individuml privecy, snd permit <3
varistions in mobility (perhaps including the posaibility of excursions 3
outside the cspsule). Although much of the basic work could ad probably;
should be done in terreatrial laboretories, wverification of laborstory .3
results nmmmwrummmmamm Dece
vehicles.

5. Anavnlmtivelt -ww mntna creenin or

becheckadfornde@ncymm MWMM&nMQ
on persammel priar to their entry into the yrogren, and & very intensive -
monitoring of psychistric adjustaent in space. Although obviously poor

undoubtedly be & range of parscoality snd cherecter structures with vhich .3
to vork. Leborstory reseerch prior to ML is nseded to detersiine the 4
validity of current sssessment procedures. -

cmmuwﬂcvmmmm Remmmoimltﬂeor v
not include television receivars for visual coutact vith earth. Since 4§
both of these =xy be important design considerstions in future systecs,
their lLaportance to the ewtional adjustment of men should ve essessed.
The question here is noti vhether man 83 & visual observer cen mmke effectiveiiR
use of such contact, but rather, vhet value bhas it in providing hin vith a 3
M:mootcoub&ctﬂthruuty,ahnermdmmmw
ance, and a lesser disrytion of diurnal cycles.

Te A 8t of the s ificence of varbsl comamieation to and f'ran
earth (oMr T o “wvohicles). dome potemtisl militery eppiicstions
of mammed spacecraft mdght require crev members to :mintain redio eilence 3
to prevent detection. However, it is very proballe thet leck of casmnica- 3§
tion with earth wuld be very threstening to crew menbers. The ability to 9
talk end receive feedbhack might be very inportant in msinteining emotionml
stability. The study, then, would compare the perfor:asnce effectivencss
and emotional &djustment of crews uader conditions of complete commmice-
tions black-out, transnmitting but not receiving, receiving but not transe
ritting, and unrestricted coasmuntcation.

VIS I Pt NSRS
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8. tive stuldy of the reliability of meuned vs. unmanned
: %m. Nan's sbility to diegnose end repair ralfunctioning equipment
rs a trade-off vith regard to equipsant redundancy ar increased -
relisbility enginsering vhich should be eritically exsained. The alletoo-
: frequent failure of spece probes becsuse of equipment failures guguests
- . that a maintensnce capability in apace miyght bae desirabls. This study,
k- then, would assess the increased reliebility of nission accomplishnents
vhan human pmeintenance troubleeghooting and repeir are utilized. Recording
of svery instance of equipment failure repeired by men would provide useful
informstion. The study wuld also compare the reliability of nenved vs.
wnanned miesions, either in different or the ssns vehicles.

9. A study of ﬁmg stress. Scoveral unique stresses are
invol space emmot be effectively counteracted vithout
additionsl information. The grevity reduction is an obvicus exsmple, but
nessures to provide artificial grevity by rotstion conflicts with vesti-
tular sdjustment mechenisms, Only in ML does it sppeer feawsidles to collect
the pecessary dats to determine the gptimal trede-off between performence
decrement through gravity loss and performance decrement through vestibular
ectivity. The lamch and re-entry stresces also appear to dbe significant,
and dsta should be gatheved to ahed light on the emotional as well as
physiological problens sssoclated therewith. :

T 10. A on the of crises ovor sustained periods of time
B would she on the to persomel can e
o levels af performance over time. Since it is likely thad crises msy occur
" wnpredictably and over sustained periods of time, it {3 critical that

’ sone wmderstanding of the sbility of astronmits and scientists in NOL to
T handls such issuos te explored. Initial work would heve to be of &

] laboratory nature snd probably of non-experinental analyses of reactions to
_ crises in the ectual JOL.
ive g ’
2 1 1. A st of the ss of . %o flicht conditions.
= In spite s Gegroe of treining prior to HOL entry for the first

tine, it is nk.aLv that personnel vill so through on adaptetion period

of & physical, peychological and interpersonal nsture., They will have to
sdjust to the nev eavircoment. As they become more expsrienced in the
situntion--over repeasted misgions--it is likely that the adsptation period
will opeed up. To facilitate this edaptetion process, it is luportant in
the early stases of experience thst informstion &bout the natwre of the
procese and its rete of stabilization be understood. Little Uy vay of
sactual experimontation in orbit would be conducted in the early stages of
such research, but continucus dats samples, retrospective reports, and
some laborstory experimentetion woull be conducted. Subeequently, attqts
to facilitete adaptation to space flizht would be evalusted in the MOL.

12, A st of the exotional =t of isolation. Research findings
sugpest cansistently effective and eppropriately oriented huann

o
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perforasace over {lie is dependent upan mintainin; an immediste enviromadfy
that (1) is stimulating to mn intervediste degree, snd (2) provides conting
ous psycholo;ical Unkage of the individual to others. Behaviorsl reses .
on the effects of isolation in monotonouws settings has shown disturbances-d
in ectivation level, sleepin; and dremiin; potterns, and attentional end ¢
information-processins cepebilities, as well as bizerre emotional reactions
distortions of reality, sud disturbing alterations in sclf imm:e. A eners
coneept of psycholosicel isolstion further suggests that some of these 4
erfects m&y occur cven when an individuel hnas duties to perfara vhile
Tunctioalng as s meaber of a group. Since the MOL setting appears to possef
uniquely certain festures conducive to stress, psychological separetion of &
individuals, and their remoteness from their normal world of refereace, the)
collection of behavioral deta on activation lavel, intellective processes
and subjective emotional experiences would oe of greast sclentific bensfit. <}
The MOL research would rrestly extend and valldste the ongoing research prog
on isolation.

The reseerch would involve obtaining messures at various times during 3
the aission from each MOL member. Insofar as fesaible, physiological
easures indicative of srousal level, eleepin: and dreaming would be say :
fronm continuour medical manitoring. Periodically, MDL members would also
take brief performence tests desizned to dstect chenges in «bility to receiwd
and process informstion.’ By snsvering questions and xakin; ratings on

placamant vhose siznals would presumsbly be telenetered to earth.
intellectual perforence snd subjective reaction research would require
private two-vay commmicetion with each mezber; quite possibly the tests 3
could be pre-recorded and sutamaticelly sdministered from a :dniature taps §
recordsr on site, which might also serve to record the men's verbval sadfor j
coded responses. If posaille, same means of visuel presantation of test 4 ,’
gtimmli, perhaps on & TV tube, woild greatly incresse the flaxibility and NS
adequacy of the tests. AS & baseline against vhich to compare psychophysioloSE:
cleal, performence snd subjective data, it vould be highly desirsble to |
arrange & groandbased roup of control subjects.

13. A study of the effects of mni% sni fecdback on ﬁﬁormnce.
Althouch crews no don to o pe a and

tean performance efficiency, the variety of novel features in the environcent 4
of MDL crewe may produce actual or perceived perfarmance decrements. The i
extent of end the ressong for such decrements gy be a csuse of concern to
crevw members. Since sll crev membexe vill be subject to the same stresses,
the value of others as cagperison objects vill be reduced. Thus, exterpal
eveluations, both objective end subjective in nature, may be important in
meintalning individual aorele and harmonious crew relstions. On the other
hand, too frequent external monitoring and evelustion over extended periods
ey have adverse "big brotber” type effects. Thus, laborstory and in-orbit
gtudies of the effects of wmonitoring el feedback on performance over
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nt ‘ :. extended periods ere necessary to deternmine the opt.iml rate, schedule, .
wRNEEEE  quality, and othor charecteristics of such monitoring end feedbeck. i

(VI 14, Pazghaphmoqu into man's tive end chowotor
B srforuance under MOL Stress tions. o8 operation within
15 , S Eoﬁﬁemb@?ormmdtmnnupoubm
1R ctresses on the humn cogponent of the system. The results of these stressceo,
in terms of subtls or proncumced salterstions in performance of man during
the course of the aission, sy vell constitute tde critical element in
execution of the overall MOL progren. » it is proposed that
O mwwmtmmummmwmm
e thet man's performance is completsly undsr cognitive comtrol during the
alcsion, both with respect to mental acuity in his tasks and his sxscular

pi - perforsenae of physical vork. 70 schieve this goal, the wse of nev drugs
o and orgsnie chemicals on man, in controlled eonoentyeticms, is envisaged.
g These sgents group into two types insofar es their sites of action in the
body are concerned: (1) the first type is sble to panetrate the blood-Lrain
berrisr and zeach the central nerwis system, st whiloh processes of
contral excitation or depression can be drug-medisted; (2) the second type
: is restricted by structure to operste cnly in the periphersl, effector erees
g of the W,,Mmtmmmwwdnnwrm
21 vaREE pouibhbsindhg:uotwmmxmmmmtyum

p: perfornance of & physical task.

Bow, we specifically propose to enter into & double-barreled pharme-
cological study of structure-dose-response relationships fowsd in both
classes of chemical agents, with attemtion focused on the ultimste criteris
of human performsnce under the influsnce of these agents. This work
begins on the lsdborstory scale, to evalve quantitative doee-response
relaticashipe, .and then mast proceed to the NDL testing arena to ovserve
the wodificstions produced in dosse-effact parametsre by the peculiar MOL
stresses. In the erea of drugs vhich alter bolevior by actim et the
central lsvel, we propose to study: (1) drugs which act es psychic enexglzere
and increase the flow rete for stimilt which emewge to the peripheral neuro-
muscular systems; (2) drugs such as A-hydroybutyric ecid vhich sct specifi-
celly at the chemoreceptor loci controlling sleep, without otherwise alter-
in; metabolism; and (3) drugs vhich are apecifically tailored to negate
the impeirment of sbstract thinking, vhich might otherwise develop in e
sonfined escology subject to small-crowp occupancy. In the aves of drus
end chemicsl apents vhich ect peripherully to alter performance, we
propose to study those which can mechanicelly &pliry the degree of
mmcular contractility, as & close function of dosa;e ingested vie the
aeroscl routs,

9
et

This work, on the ground lsborstory lewel, will proceed throuch
performance studies with small eninals, thence into larger maimsls and
prinates, and finslly futo men in artificisl coniinenent situntions.
Then, the extension to men snd his performence in the MOL situstion will
be logical, and iuperative.

"
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Test syggrt oguigmnt rcgu!red

The studies herein descri{bed have 8 coamon core of equipument
requirements., Physiologicel monitoring and telemetoring equipment for
detecting EBG, EXO, skin resistance, body temperature, blood pressure,
blood chemistry, urine content, weight, sctivity level and seasory -
ability changes would be required, It would also be necessary to have
vehavioral monitoring equipment such as intercom recording or trans-
mitting, intra-capsule television canreras and trensmitters, and location- . §
sensing devices and recorders (or transmitters). For subjective emo-
tional reactions and cognitive functioning measurements, perhaps a
private charactron console for presenting qusstions and eliciting an-
swers could be included. Pacilities for presenting standard tasks and
teste for memsurement of abilities and leerning curves would also be
desirable. AGE for recsiving, recording, and reducing sll of this
data would be essential, including amslog-to-digital conversion capa-
b4lity. A considerable amount of digital computer time for annlysis
would alzo be required to provide results of tests in & timely manner.

.

Test procedure:

The exact procedure for esch of the studies would vary, but as
many tests as possible would be packaged in each »ission. Assuming
six MOLs and an average rotation cycls of 6O days, 36 crews would be
orbitted per year. This large an N vould permit varistion of several
dimensions simultanecusly for inter-crev comparisons, vhile the length
of each missiop should permit variation of seversl wariadles for A
within-mission, intra-crev comparisons. The test procedure would cone
sist of determining and controlling the composition, size, and durs-
tion of each mission by pre=sxperimental planning. This obviously re-
quires vorking vithin the framework of the requirements of other
seientific disciplines, but nopetheless should permit a powerful ex-
perimental design. rithin a mission, tests of visual stimlation,
verbal communication conditions, maintenance capabilities, and '
territoriality restrictions would be programmed. Monitoring of phys-
fological and socisl-emotionsl reactions to these experimental men-
ipulations and to space-miasion stresees would be required for all

fl4ghte,

Since these are exclusively life sciences studies, mmn's role
ac the object of study 15 clear, In addition, 1t may be necessary
to include on each crev & man who has been trained at least to take
blood samples, urine samples, run anslyses of these, operate EEQ and
ZKG equipment, take blood pressures, etc. In small (2-man) vehicles,
these would necessarily be supplemental duties for one or both of the
astronauts, and should probebly be supplemental in all caces, since
the amount of time required for these activities should be minimal.
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The testing sequence cannot be determined without regard to
other MOL ectivities. However, to the extent possible an experimental
design would be utilized to produce the maximum information yield per
observation. The interreiated neture of these studies suggests a _
series of programaed designs that perait each observation to provide
{nformation op several experimentsl variables (as, for example, io a

nested or unfolding hypercube). '

Come terrestrial laboratory work prior to the orbital leboratory
research s needed for methodologicel dsvelopment, particularly in
the areas of measuresent techniques and shake-down of experimental
procedures. An engineering systems anslysis would de required to de-
termine the design implications for NMOL of some of the studies,

Category of experiwent:

Nost of the studies proposed above &ll into Category 'b‘', con-
tributing to the MOL obJjectives but without significant implications
for the design characteristics of HOL. Studies concerned with sice,
duration, and territoriality may have significant design implications,

Cost t Reguirements by Fiscel Year)

The following budget satimates are oﬁ'c:;‘cd as very tentative
figuree, expressed in thousands of dollars,

Prior Fi65 ¥FY66 [FY6T FY680 FY69 Totsl

1. Engipeering and - 75 175 200 75 75 600
Development _

2, Installation - - - 100 275 275 =650

3. Ground Support - 125 200 200 200 2% 975

TOTAL 200 375 500 350 600 2,225

Participating Government Agency: Naval Medical lesearch Institute
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U. S. NAVAL RADIOLOGICAL DEFENSE LABORATORY
San Francisco, California 94135

PROJECT PROPOSAL
for the -
ATR FORCE SPACE SYSTEMS DIVISION

For Tuplementation Aboard the Manned Orbital Laboratory (MOL)

Title of Experiment - Heavy Particle Dosimeter

I. Test Cbjective

To measure the radiation exposure during space flight from the
primary cosmic radiation, distinguishing between the proton component -
and the heavy charged particles. Radiation exposure from the proton
component will be measured directly. The flux and charge. distridution
of the heavy particles will be recorded over select intervals. From
this information the total dose contribution from charged particles
will be determined. -

1I. TImportance of the Test

It 1s.important to measure the total radiation exposure received
in manned space flights. These measurements should Re complets enough
so that the biological significance of the radiation exposure can be
properly evalusted. Because the biological effectiveness of the heavy
particles in the cosmic ray enviromment is f(ifferent from that of the
proton component some means of differentis .ing betweep the different
particles is necessary. It is generally rot sppreciated that most
integrating dosimeters suitable for dose measurements during space
flights (glass, photographic emulsions, thermoluminescent phosphors)
measure the heavy charged particles with congiderably reduted i
efficiency over that for high-energy protons and gmyha reays. Addttion-
al detectors are therefore required to provide a ¢omplete description
of the cosmic ray background. n

The system to be described is inténded for use in all manned space
missions as well as in those containing hiolagical payloads. This 1s a
passive system that requires recovery. Data interpretation vill be made
at the laboratory.
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III. Description of the Experiment

Te detection system will contain several types of dosimeters
together with a series of charged partiéle detectors. These will
include photographic emulsions (dosimeter film), silver phosphate glass
and LiF dosimeters. Evaluation of the heavy component will be made
with nuclear emulsions and with heavy particle detectors (mica and
several plastics) of different sensitivity that will register tracks
only if their rate of energy loss is greater than the threshold energy
for recognizable damage in the material.

a. Configuration of Test Items
See attachment A.

b. Test Support Equipment Required

No test support equipment will be required. (FNo attachment
B.)

c. Test Procedure

This will be a passive integrating dosimeter system that will
require no attention once it has been positioned in the space vehicle
or placed on the astronaut (no attachment C). Although the proposed
system does not require the utilization of the astronaut!s time it does
gserve the very important function of determining his radiation exposure
in & complete and detailed manner. This information could be of great
value in determining the adequacy of comventional dosimetric systems
for future missions. .

d. Category of Experiment

(3) Category c.
See attachment D.
f. Schedule
(1) Hardware and software available for test: Dec 1964,

(2) Herdware and software flight readiness date: Dec 196k,

A-179




e A R
PPROVED FOR ‘
ASE 1 JULY 2015 g

IV. Participating Govermment Agencies
Sponsor: Bureau of Ships (Code 364).

Test Equipment Acquisition: U.S. Naval Redlological Defense Lab. 4

V. Additional Requirements

a. 8pecial Security: None.

\ b. Manning Description Summary: Kot applicable. (No attachment
E. .

c. logistics: ' It 4s not tmdéutood vhat information is required
over and beyond the funding summary of sttactment 4.

d. PFacilities: Existing facilities can be utilized. .
e. Simulation and Training: L

(1) Astronsut: This will be @ passive dosimetry requiring mo
attention during the flight. 4

(2) Ground Personnel: The only requirement on ground personnel
is that they install the dosimeters prior to flight and recover them for
delivery to the Laboratory. o .

© (3) Equipment: No additional equipment 1s required.
VI. Genmeral: ' '

) a. Communications and Data Handling Requirement. (No attachment : ‘
F. ‘

'b. Develomment Characteristics. (See attachment G.)

PUFiosloy - i 4 P8
4
=
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ATTACHMENT A

DESIGN CHARACTERISTICS TEST EQUIPMENT

1. EQUIPMENT TO BE TESTED: Charged particle dosimetry packet.

2. WEIGHT: 3 lbs or less.

3. VOLUME: Stored 20 in.3 or less., In use 20 in.3 or less.

4. POWER: None.

5. SPARES: None.

6. TOOLS: None.

7. HEAT OUTPUT: None.
8. - 11.: None.

12, TEMPERATURE LIMITATIONS: min: None.
max: 8O°F.

130 - 16.: None.

17. BEQUIPMENT LOCATION REQUIREMENTS: Inside vehicle attached to
- Cemini capsule. Considerations
o are also given to miniature
packets placed in the astronsut is
clothing.

18. = 20.: None.
21. MAINTENANCE REQUIREMENTS :

R

Ground: None.

Space: See 12.
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U. S. NAVAL RADIOLOGICAL DEFENSE LABORATORY
San Francisco, California 94135

PROJECT PROPOSAL
for the
AIR FORCE SPACE SYSTEMS DIVISION

For Implementation Aboard the Manned Orbital Laboratory (MOL)

Title of Experiment - Nuclear Radiation Personnel Monitor for Space A
Flight ,

I. Test Objective

To establish requirements and criteria needed in the development of j':-"
e high performance nuclear radiation personnel monitor for space flight.

II. Importance of Test

High performance radiological hazard monitors will be important to 3
military missions involving manned space flight. During these missions, A
personnel may be exposed to radiations having a wide range of intensity -
(mr/hr-kr/hr), and the radiological hazard state within the vehicle must
be known continuously. Monitors to perform this function accurately and
reliably over a wide intensity range are now being developed.

This development will require in-flight evaluations. Experience in
the development of military rediacs has demonstrated the need for tests
and evaluations conducted under actual field conditions in order to
achieve necessary performance and reliability levels. Although these
levels may be reached in large measure through design judgment and labor-
atory tests (based on operational experience in the field), it is the
f£ield evaluation that ultimately relates instrument, operator, and actual
use conditions, thus providing a realistic assessment of performance
leading to the establishment of instrument requirements and criteria for
successive application. )

The MOL will provide a means for flight evaluation of a combination
dose and dose rate monitor designed for manned space flight. Results of
this evaluation will yield data on calibration and man-instrument per-
formance and reliability needed in the design and human engineering of
high performance monitors. .
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III. Description of Experiment

A radiation monitor which continuously indicates dose rate and
displays accumulated dose will be installed in the MOL for in-flight
evaluation of calibration, performance, and reliability.

a. Configuration of Test Items

The monitor occupies a parallelopiped volume less than 150 cu
in. and weighs less than 32 oz. ILocation in the MOL is not critical but
installation near the center of the MOL volume will be desirable. Oper-
ation will be continuous. Power required will be less than 250 mw peak Nii
and may be from self-contained batteries. Bracket mounting will be used Bk
with no special mounting or shielding requirements. (8ee Atch A.) r

b. Test Support Equipment Required

No support equipment will be required in the spacecraft or on J
the ground. (See Atch B.) \

c. Test Procedure,

The evaluation to be performed will be functional. Dose and
dose rate displays will be observed and recorded manually on a predeter-
mined schedule. Scheduled calibration and instrument performance checks
(through self-contained means) will be performed and results noted. These
data will be used in conjunction with other radiation or emvironmental
data recorded and estimated during the flight to assess performance and
reliability. This assessment, together with operator experience and
x reaction in the use of the monitor, will be employed in establishing data
requirements-and design criteria for monitors in this application and
may lead to redesign and subsequent flight evaluations. (See Atch c.)

- g FESrs 3 DoSceppcreer v
e by - I e .
[ JSUETTRIEE__WD Ut IV ¢ T i o SR S A

d. Category of Experiment

Category b. Although the experimental results will not have a
significant influence on the design characteristics of the MOL, they will
influence design of hazard monitors important to the capabilities of
manned military space missions.

e. Cost (Budget Kequirements by Fiscal Year) ‘
- Engineering and development of the first monitor, pre-flight . ' ‘
calibration and testing, and post-flight data analysis will be conducted o
using funds already available to NRDL under BuShips Subproject SR 007 i
11 01, Task O549. 1Installation of the monitor and integration with the ;

MOL program will require $25,000 of additional funding during FY 1965 1
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: and $15,000 during FY 1966. Budget requirements beyond the first f1ight
2 evalyghjon are anticipated but not yet defined. (See Atch D.)

3

; £, Schedule

1 (1) Hardvare and software available for test and calibration
g in 1965. :

(2) Flight readinest date: late 1965 or early 1966.

IV. Participating Government Agencies

Sponsor: Bureau of Ships (361&)

e T it i il
T . Pradase

Test Equipment Acquisition: Current plans under Subproject SR 007
' 11 01, Task 0549 will satisfy all test
equipment requirements with exceptions
noted in Sec V.c.(2).

V. Additional Requirements

a. - Special Security: . None

I ,‘I\TH*‘ oz -‘.‘v".. il

LR S e e, P

b. Manning Description Summary:

, (1) Astronsuts: Astronaut will be part of operator-instrument
|/ evaluation (his impressions and reactions important to experiment
objectives). He will observe and record monitor displays (meter and
register) at regular intervals (not more frequently than once every 6
hours) and will make brief performance checks periodically (approximately
24 hour intervals). These observations and checks can be performed by a
single crew member; however, more useful data will be obtained by involv-
. ing both crew members in the evaluation. It 1s estimated that less than
i one minute will be required for each observation and each performance

' check. Adherence to precise time schedules is not required, and it is
planned that this item be included as part of the astronaut's regular
operating schedule. (See Atch E.) ‘ .
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c. Logistics: CY 64 cY6s - Cyé6 TOTAL
(1) Manpover (MY)
#(a) Hardware : .2 1.3 _ 1.5 4
(b) Installation B | .1 2

#(e¢) Operation : .5 .5 1.0
(calibration, :
pre-flight
tests, data
analyses)

*Provided by BuShips Subproject SR 007 01l 01, Tesk 0549
-at USNRDL

(2) Facilities

Existing facilities will be used for calibration and most
pre-flight tests. However, portions of the pre-flight tests (environ-
mental) will be conducted in a flight simulator which must de made
available. .

d. Simulation and Training

(1) Astronaut: Astronaut will not require special skills. Train-
ing will be in monitor operation only. Necessary training will be short
(several hours) and will not necessitate simulation testing.

(2) Ground Personnel: None.

(3) Equipment: Radiation monitor only.

VI. General

a. Communications and Data Handling Requirement: Data will be
recorded manually from a single meter display (analog) and a single regis-
ter (digital). No on-board data processing will be required. These
records (together with operational notes) will be flown down with recovery
capsule. There will be no requirement for data or voice communication to
ground stations. (See Atch F.)
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b. Develcpment Characteristics: At least one flight test is
planned. Subsequent test will depend upon results obtained. The moni- 3
tor design will be based on the current design of the NEDL Dose/Dose-rate 3
Meter (AN/PDR-65) and data on radiation instrument performance in space ¥
being developed by the NRDL/BUSHIPS subproject. (See Atch G.)

o
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7.

ATTACHMENT A

DESIGN CHARACTERISTICS TEST EQUIPMENT

EQUIPMENT TO BE TESTED: Combination dose and dose 'uté meter
WEIGHT: 2 1b ) _

VOLUME: B8tored_150 cu in.  In use_150 cu in.
CRITICAL DIMENSIONS - SHAPES: (See Sec. III.s.)
POWER: (See Bec. III.a.)

a. Continuous: 0.15 w

b. Stand-by: 0.1l w -

¢. Average operating: O0.15 w

d. Peak: 0.25 w

e. Duty cycle: Continuous

SPARES: None

a. Volume: Norie

b. Quantity: None

c. Weight: .None

TOOLS: None

a. Volume -‘None

b. Quantity: None

c. Weight: None

d. Power: None

HEAT OUTPUT: O0.15 w
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' 8.  STABILITY
a. Moving parts: Meter and electromechanical register
9.  VIBRATION LIMITS: MIL-STD-167 (Type I)

10. SHOCK LIMITS: MIL-S-901

11. HAZARDS (fire, explosion, electrical, toxics, other): None

12. TEMPERATURE LIMITATIONS: -hog . +5o§c operational
-62" - -75°C storage

13. TYPE AND RANGE OF MEASUREMENT (definition of parameters to be
measured while test is underway): Dose to 200 r and dose rate to 10,000

r/hr (gamma-proton).

14. SPECIAL ENVIRONMENTAL REQUIREMENTS: None _ _ 3
15. ORIENTATION AND POSITION ACCURACY REQUIREMENTS: None (See Sec. IIl.a.)§
Station: None |
Equipment: None y
16. EQUIPMENT OPERATING CYCLE
Frequency: Continuous
Time Duration: COnti;uous - A

’

17. EQUIPMENT LOCATION REQUIREMENTS: Losation inside labaratory not
critical (See sec. III.a.) ) ' '

18. SPECIAL MOUNTING REQUIREMENTS:
Apertures-: None
Booms: None
Windows: None

Antennaé: None

Bracketry: Simple mounting bracket (See Sec. III.a.)
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19. PRESSURE VESSELS: None

20. ELECTRO MAGNETIC INTERFERENCE (spurious generation, special shizld-
ing req, etc): None

21. MAINTENANCE REQUIREMENTS:
; Ground: None

2

5]

Spece: Cah?r;t%on and operation checks (See Secs. III.c. and
v.b. 1 [ ] !
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sha.ring instruments with other experiments); None

10.

11.

12.

SENSORS (TRANSDUCER - OUTPUT SIGNALS): None

AGE: None

FACILITIES: USNRDL with exception noted in Sec V.c.(2).

ATTACHMENT B

TEST SUPPORT EQUIPMENT

RECORDING MEDIA
a. Tape: None
b. Film: None

c. Other: Manual recording of monitor readings (See Sece. III.c
and V.b.(1).)

HANDLING (special equipment required to handle items being tested):

PACKAGING: Nonme

CALIBRATION - alignment, deployment: Yes (See Secs. III.c. and V.b.(l)“:'
JIGS AND FIXTURES: None :
NUMEER OF LEADS FROM OUTSIDE TO INSIDE STATION: None

TRAINERS/SIMUIATORS: None

INSTRUMENTATION - cockpit and/or laboratory (note effect of time

RELATED SUPPORT EQUIPMENT: None
a.. Targets: None

b. Ground Stations: None

c. Tracking: None

d. Handling Equipment: None

ENVIRONMENTAL TEST EQUIPMENT: Yes (See Sec. V.c.(2).)
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ATTACHMENT C

TEST OPERATING CHARACTERISTICS

ORBITAL PARAMETERS (desired)

a. Altitude: No requirements

b. Inclination: No requirements

c. Epoch: No requirements

d. Ellipticity: No requirements

PIANE CHANGE: None

ALTITUDE CHANGE: None

TIME ON ORBIT: Days

TEST DURATION: Days

TOTAL NUMBER OF TESTS: Depends on test duration
TEST FREQUENCY: Approximately 4/day

INTERVAL BETWEEN TESTS: Approximately 6 hours
CREW TASK LOADS - men hours: Approximately 5 minutes/day
CREW TASK FREQUENCY: Approximately.l/day
FIEID OF VIEW REQUIREMENTS: No requirements
GROUND CONTROL LIAISON DURATION: None o
GROUND CONTROL LIAISON FREQUENCY: None
EXTERNAL TEST ITEMS:

a. Isunched from Station: None

b. launched from resupply: None

c. Ilaunched from ground: On MOL
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15. QUALIFICATION TESTS (other than space): None
a. Ground: None
b. Atmosphere: None

16. SEQUENCE OF EVENTS AS THEY OCCUR DURING FLIGHT: Read dose and dose
rate displayed on monitor and record with time

17. HANDLING PROCEDURES: Select calibration and operation. check mode of

monitor (switch operation) and correct changes by front panel controls
(See Sec. V.b.(1).) . "
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1.

2.

3.
L,
5.
6.

ATTACHMENT G

DEVELOPMENT CHARACTERISTICS

Heavy
Standard Particle

Dosimeters PBEmulsion Dosimeter
DEVELOPMENT TIME ' None None 9 months
FINAI, DEFINITIVE TEST DESIGN 6 months 6 months 1l year

TIME

NUMBER OF TESTS REQUIRED 2 2 2
TYPE OF DEVELOPMENT TEST ITEMS None None None
SUPPORT EQUIPMENT DEVELOPMENT TIME None None None
NUMBER OF TEST ARTICLES REQUIRED FOR:

a. Ground Test

b. Balloon Flights

¢c. Space Test

DATA AVAILABLE FOR TESTS 1965 1965 1965
CURRERT DEVELOPMENT STATUS

a. Proposed only no no - yes

b. Test item under study . yes yes no

¢. Funds expended to date none 5K none
A-183
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2.

ASTRONAUTS

a. Number required:

‘

ATTACHMENT E

MANNING DESCRIPTION

.

(1) Man's function

(a) As part of test: Yes (See Sec. V.b.(1).) |
(b) As technician conducting test: Yes (See Sec. V.b.(1).)
b. Crew Scill Requirements: See Secs. V.b.(l) and v.a.(1). 3
c. Manpower Prcfile: See Secs. V.b.(1) and v;d.(1).
d. Critical Functions: See Secs. V.b.(1) and v.d.(l).
e. Work Positions: ' | |
f. Time Controlled Tasks: Yes (See Sec. i{.b.(l).) | _
€. Human Performince Meuﬁre’ments: - Yes (Bee_‘_Sec. -V.b. (i).)
h. Physiological and Peychological Measures: HNone .
1. BSelection Factors: See Sec. v.d.(1).

J. Trainizig Requirements: See Sec. V,d.(1).

In MOL

GROUND PERSONNEL: None

a, Number.Required

(1) Man's function

(a) As part of test

(v) As technician conducting test

b. Crew Skill Requirements

Manpower Proﬁla.

cab
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Critical Functions

. Human Performance Measures

Physiological and Psychological Measures

Selection Factors '
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Time Controlled Tasks
Training Requirements

GROUND PERSONNEL (Contd)
d.

e. Work Positions

L.
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h.

1.

3.

2.
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1. DATA HANDLING: ON-BOARD B

A
|

a. Functions to be measured (Categories of data, i.e., sensor data) '{'.—_ .

2. COMMUNICATION REQUIREMENTS

ATTACHMENT F

COMMUNICATIONS AND DATA HANDLING

(1) Date rate/frequency response: Approximately b resdings/tay T

Volume of Data: - 2 data points/resding -
Accuracy required: See Sec. V.b.(1)..

(2) Form of dats - amalog/digital - output of transducer: MNeter

and register reading

(3) On-board processing - humen Jjudgment - computer - data
reduction: record data only :

(4) Communication requirements (to ground) - analog/digital -
rav/processed - permissible delays: None

b. Requirements for Processing u.nd Anuynis‘ _
(1) Data reduction - data editing - date compression: No
(2) Computation: No - |
(3) Evaluation: No
(4) f’ictbrul analysis: No
(5) Real-time noniﬁbring: Yes
(6) Displays: Yes
c. . Permanent Data Records (for fly-down with recovery capsule)
(1) Photographic (or other pictorial records): Yes, dats log
(2) Magnetic tape recording - analog/digital: No

a. Data Transmission to ground: No

b. Two-way communication data feedback from ground: No
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(1) Data processing on ground

(2) Allowable ééhys_, |

(3) Ground transaission (one center to another)

(4) Accuracies
(5) Data Recording
(6) Security - Crypto
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. ATTACHMENT G

DEVELOPMENT CHARACTERISTICS

1. DEVELOPMENT TIME: Approximately U months
2.

FINAL DEFINITIVE TEST DESIGN TIME: Approximately 4 months
NUMBER COF GROUND OR FLIGHT TESTS REQUIRED One (See Sec. VI,b, ) 3
L. TYPE OF DEVELOPMENT TEST ITEMS

a. Vacuum Chamber: Yes

b. Shaker: Yes

c. Thermal: Yes

d. Acoustic: No

e. Simulastors: Yes

f. Aircraft: No
5. SUPPORT EQUIPMENT DEVELOPMENT TIME: None
6. NUMBER OF TEST ARTICLES REQUIRED FOR:
8. Ground Test: One
b. Atmospheric Test: None

c. Space Test: Onme

TRy

7. DATE AVAILABIE FOR TESTS: Approximately June 1965

8. CURRENT DEVELOPMENT STATUS

a. Proposed only: Yes

b. Project or program is approved and test item is under study,
breadboard stage, etc.: No

c. Funds expended to date: None
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Title of Expsriment: Orbital Plasmas Characteristics

I. Test Objective: The experimont would determine tho size and character-
istics of piaswas which aitend orbital vehicles. The results will aid in
developront of improved radio detecticn devices for orbiting, suborbiting
and space prcbe vehicles,

II. Importance of Test: The experiment is requiroed to develop methods of
detecting orbiting, suborbiting and space probe vehicles, The experiment
rust be conducted in space since such plasmas exist only in space., They
must be studied in MOL since no othar method of cbtaining the required de-
tailed knowledge is known to exist, Kncwledge i3 required to gssess man's
ability and utility im space, as well as to obtain information esseatial to
the understanding and design of electremagnetic transmitters and receivers,

I1I. Description of the Experiment:

(1) The first part of the experiment consists of irradiating the plasma
with beamed rf energy from a steorable antenna on MOL and observing the
scattered radiation at ground stations. The direction and frequency of the
beanms are to be controlled from MOL, successive weasurements to be based on
results of previcus mecasurements,

8. COnfigpration of Test Items

Koy characteristics on MOL are steerable external antennas
and tunesbla rf energy sources, 200 1lbs., S cu, ft,

b. Test Support Equipment Rzquired

(1) Spacecraft - Scatter receiver, 50 lbs., 2 cu. ft.
(2) AGE - Existing receiver sites

co Test Procedure .

(1) Necessary to select antenna directions and frequencies,
to be selected by astronaut as experiment proceeds,

(2) The astronaut will steer antennas and change frequencies
to optimize scattering, thus determining spatial and electrical character-
istics of the plasma,

(3) Try various antonna divections and frequencies to cbtain
scatter magnitude as function of variables,

(2) The second part of the experiment consists of exciting the plasma
to resonance, the exciting frequency, the coupler loading and the radiation
pattern providing the required plasma characteristics.
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a, Configuration of Test Itews

Characteristics on MOL are extendable antennas for coupling:
to plasea and tuneable rf energy sources, 400 1bs., 5 cu. ft. Antennas
of considerable leﬂgth are expected %0 be rcquired for the desirsd
excitation. Leagths of the crder of miles to tens of miles are envisioned 3§
for the early experiments, Later experiments may use much leager antenmas, 3

b, Test Support Equipment Required

(1) Spacecraft - Antenna impedance measurement equipment.
(2) AGE - Existing receiver sites

¢, Test Procedure

Adjust antenna length and direction, For each case tune
couplers for maximum loading.

(1) Man's role - Select antenna adjustment, exciting
frequency and adjust loading to optimize plasma excitation,

(2) Success of experiment depends on his ability to observe
results, then make successive studies to optimize excitation for various
altitudes and directions.

(3) Continuing adjustment of parameters fo determine plasma -
characteristics. .

d. Category of Experiment - b

e. Cost FY65 FY66 FY67 FY68 FY69 TOTAL
(1) Engr, § Devel, 50K 100K 25K 25K 25K 225K
(2) Installation 50K 50K 50X SOK 200K
{3) Ground Support 75K 75K 75K 225K
Total 50K 150K 150K 150K 150K 650K
f. Schedule %

(1) Available for test - FY67 ff_ &
(2) Flight readiness date - FY68 o :

1V, Participatingicovernment Agencies: Sponsor = NAVY
Test Equipment Acquisition: Navy and contractor ;i§ﬂ“

V., Additional Requirements ‘ ‘ ;Fu-t

8. Special Security - Routine k-
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b, Manning | Descrintigp Supmary - Onc scientist, 2 hrs/day in MOL;
one scientlst at each ground staticn position manned during MOL passage.

Co Logist}g_ 3 CYe64 _C_Y_gg CY66 TOTAL
(1) Manpower

(2) Hardware Development
(3) Instsllation

(4) Operation

(5) Additional Support

TOTAL
d. Pacilvies

' Ground Facilities - Existing - need additional receivers and
recorders at some bases, No special facilities before flight.

e. Simulation and Training

(1) Technician or scientist with training in use of scatter
experiments. Six months to one year training required if not experienced
in scatter experiments and equipment.

(2) Ground personnel - similar to sbove.

(3) Tunsble energy gonerators, steerable antemnas, recoivers
and recorders. .

V1. General
a, Communications and Data Handling Rgguirenent

Communication 1link to ground stations required to coordinate
£requency tuning and antenna steering. MOL data relayed to ground for
analysis.

b. Development Characteristics
Proposed only, Uses commercial equipment mainly,
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2.
3.
4,

5.

6.

7.
-
9,
10,
1L
12,
13,

14,
15,

DESIGN QUARACTERISTICS TEST EQUIPMENT

EQUIPMENT REQUIRED FOR TEST
RF energy scurce, stecrzble antemmas, receiver and recorder
WEIGHT: 200 lbs. total

VOLUME: Stored S cu.ft. In use § UL ft,

POYER:

2. Continuous = Nonz

. Standeby - None

¢, HAverage opareting - 500 w

d. Peak -~ S0C w

e, Duty cycle - 2 hrs/day

SPARES:

2. Volume - 0.5 cu.ft.

b, Quantity -~ 1 box

¢. Weight - 20 1lbs.

TOOLS :

8. Volume - 0,1 cu.ft.

b. Quantity - 1 set

Co Weight - 5 lbs.

d, Powezr - None

HEAT OUTPUT - 450 w

STABILITY - Exceilent

VIBRATION LIMITS - Normal for electronic equipment
SHOCK LIMITS - Normal for electronic equipment
HAZARDS - Electrical - negligible
TEMPERATURE LIMITATIONS ~ Normal

TYPE AND RANGE OF MEASUREMENT - RF frequency, received energy level,
antenna direction

SPECIAL ENVIRONMENTAL REQUIREMENTS - None
ORIENTATION AND POSITION ACCURACY REQUIREMENTS: § degrees, 10%
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16,
17,
18,
19.
20,

21,

EQUIPMENT OPERATING CYCLE « Ten minutes when over ground stations
EQUIPMENT LOCATION REQUIREMENTS -~ External steeruble antennas
SPECIAL MOUNTINGS REQUIREMENTS - Antemnas, steerable

PRESSURE VESSELS - None

ELECTROMAGNETIC INTERFERENCE - Needs investigation for possible
interference with or from other electronic equipment

NAINTENANCE REQUIREMENTS - Negligible.
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Engineering, Developmental
Environmental Testing

Integration § Installation
AGE

Simulators/Trainers

Data Reduction

Equipment Rework

Other

FUNDING SUMMARY

BUDGET REQUIREMENTS BY FISCAL YEAR

FY 65 FY 66 FY 67 FY 68 FY 69
50K 100K 25K 0 0
0 6  SOK  SOK  SOK
0 50K S0K 50K SOK
0 0 0 0 0
0 0 25K 25K 25K
0 0 0 25K 25K
0 0 0 0 0
50K 150K 150K 150K 150K
A-206
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I. Test Objective: The purpose of this experiment is to study the plasma -
envircnment in the vicinity of MOL. Information obtained hexe has a direct i
bearing on the operation of all electromagnetic equipment on MOL having to
do with transmission and reception of signals as well as the detectability
of MOL by radar.

1I. Importance of Test: These cxperiments are required so that a knowledge
of the environment of MOL can be obtained which will provide information to
be used in the design of electromegnetic equipment aboard the vessel.

A Specifically how the plasma sheath around the craft affects the design end
cperation of antennae (espscially V.L.F.), es well as the radar cross-section.

Such experiments can only be carried out in space where the proper plasma
conditicns exist on a sufficiently large scale. A study of the plasma state
near MOL is essential to provide a working knowledge of the conditions of ths
environment in which man pust live and work.

Iy
A
¥
" The observations to be determined and recorded in these experiments are
)K,? g related in a great degree to phenomena of extraterrestrial origin, Because
: ‘E. of this there is uncertainty in the nature of physical conditions attending
& planned observations. It is considered that the timeliness of personal
¥ observation, initiastive and interpretaticn on the part of the astronaut
EE will contribute significantly to the value and success of the experiments,
) Since the astronaut in general will be moving at a rate of approximately
gﬁ 300 miles a minute and traversing a changing magneto-ionic medium, it is
- apparent that the judgment and skill of the astronaut would make a
i! contribution to the experiment that could not be achieved without his
> & help.

The course of future similar and related experiments might be best
. determined and accomplished by other means only as a resuilt of the flexi-
% bility provided by the astronaut in these initial MOL experiments.

% 1II. Description of the Experiment: The detailed experimental progran is:

(1) To study the electron energy distribution in the plasma surrounding
the MOL.

2) Tobdetermine the electron and ion densities in the plasma.

(3) To relate the above factors to the propagation and reception
of electromagnetic waves.

(4) To study the formation and size of the plasma sheath around MOL
and determine how this affects (if any) the currents flowing in the MOL as
well as in the medium and the ability of the astronauts to leave the MOL.
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(5) Correlate the date with radar ground stations and NAVSPASUR to
determine the effective radar cross-section of MOL.

a. Conf%guration of Test Items

Retractable probss will be pleced at (5) different equispaced 5,
positions from nose to tail of the craft, Each probe will be generally of i
the Langmuir type and designed so that its direction relative to MOL can be
varied (20~160°) and extended to 100 meters from the craft, A multichannel J
recording electrometer will be required on beard the MOL so that simultaneoug

recordings of the probe currents may be obtained.

b, Test Suppor:t Equipment Required

None
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c. lwSe Procecure
When the MOL is in position to allow experiments to be performed,

the prcbes will be extended a given distance and sit at a prescribed angle.
Reecrdings thea will be made of probe currents as a function of probe voltage.
Such observations will be repeated for different probe lengths at the Same
angle., After a complete set of observations are made for one probe angle
another may be chosen and the experiments repeated, All observations should
be done as near to one point in space as possible as the plasma conditions .
may change as a function of position and time. : ‘

(1) Man is essential to a proper functioning of the experiments.

as a judgment must be made as to when or (or determined by sampling) how
. much data should be taken. E : '

(2) Eiperinents will e essentially manual‘and‘iequire the complete
attention of one astronaut at a time, ‘

{
A

-d, Category of Experiment

(1) Category (b).

= FYes F 66 P67  FY 68 FY 69 ar
E : 100K 200k - - 30K 150k 50K R
g £, senda s ' | /'__(’OOM

',';% Mot evegilable &s yet,

3 f; Iv. Participating Government Agencies: Sponsor - NRL

?ggg ¥, Additional Reéuirements: S

a. Securiti:' No special seéufity.

b. Manning Sumeary: See attached sheet.
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MANNING DESCRIPTION
1. ASTRONAUTS

: a. Number required: one
Lk

(1) Man's function: As technician conducting test,
b, Crew skill requirements

Some briefing will be required to acquaint the astronaut with the
objectives of the experiment,

A brief training period of an hour should
be all that is required to provide sufficient information to the astronaut
to operate the equipment.

Co Manpovwer profile

It is expected that approximately the full time of an astronaut for
two complete orbits should be sufficient time to complete the experiments.

d. Training requirements

See (b) above,

5 2, GROUND PERSONNEL
; a. Number required: 2 - 3
(1) Man's function:

To set up and test equipment,
'§§ b. Crew skill requirements

Crew must have intimate knowledge of equipment.
€. Manpower profile
It is expected that the crew will be required 6 weeks before shot
- time to finish installation, and do checkout experiments.
g d. Training Requirements

Technicians from Laboratory will be sent to install and test apparaius.
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DESIGN CHARACTERISTICS TEST EQUIPMENT

Langmuir probe equipment
10 1bs,

Vol, 1 cu, ft.

Power: 25 watts continuous
Spares: None

Tecols: Usual

Heat Output: 25 watts

Stability: Normal

Vibration Limits: Normal

10, Shock Limits: Normal

ATTAQIMENT A

11, Hazards: Usual for electronic equipment,
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PROPOSAL FOR AIRGLOW HORIZON PHOTOGRAPHY FROM

THE MANNED ORBITING LABORATORY

by the

E. O. Hulburt Center for Space Research
U. 8. Naval Research Laboratory

Washington, D. C., 20390

1. Test Objective
It is necussary to have a knowledge of the altitudes at which the various

night airglow emissions occur in order to interpret the photochemical proc-
esses that take place in the upper atmosphere. These emiasions have such
very low energy that measurements of their altitude distribution made with
adequate spectral resolution hav hitherto been impossible. The color
photographs of the nightglow horizon obtained by Astronaut Cooper aboard the
MA -9 Mercury capsule, however, established the feasibility of making spectral
nightglow measurements from man-pointed space vehicles.

Nightglow distributions of intensity with altitude will contribute greatly to
the aeronomical investigation of the upper atmosphere and a comprehensive
group of global measurements will reveal any variations that may be associated
with latitude, longitude, or seamon.

2, Importance of the Test

The proposed measurements of nightglow altitudes are needed to provide

for the benefit of prospective space travelers information about the character

and variabiiity of the nightglow background over the earth and in as large a

A-212
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waveleagth range as praciicabls, especially in the spectral regions inaccessible .
from the ground because of atmospheric absorptions. Further, such data are %
needed to evaluate the feasibility of the scheme to use the nightglow horizons
as spatial references for nighitime navigation for man and missiles. |
It is only from a man-direcied space vehicle such as the Manned Orbiting

Laboratory that the high resclution spectrographs required for the task can be

pointed at the nightglow horizons for time intervals long enough to give adequate
observations. Attempts o do this job from rockets have failed for lack of
adequate means for pointing the instruments in the proper direction for long
enough pertods of time. This experiment is one of those that appears possible
only when performed in a manned space vehicle.
3. Description of the Experiment

The airglow horizon as seen from an orbiting spacecraft appears as a
thin line some 6 degrees skyward from the earth horizon. It is proposed
to use a high speed camera fitted with a grating in front of the lens to form
an objective spectrograph. The thin line of the nightglow horizon would serve
as the spectrograph slit and as such will be imaged as a spectrum according
to the emission lines or bands present. If all the emissions originated at the
same altitude this ""epectrum" would fall accurately on the dispersion curve

of the instrument. Departures of the images from this normal dispersion

curve would then be a measure of the relative altitudes of the emission.
Tﬁé overall dimensions of the spectrograph camera would be approximately

9" x 3" X 4" and the total weight could be kept under 156 pounds. Only an
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accurate description of space available could permit more accurate specifi-
cations. Exposure times of 2 minutes or so would be controlled by a
photoelectric exposure meter if space permits. It is contemplated that the
astronaut would point the camera out his viewing window while the pilot kept
the spacecraft pointed acourately and steadily at the visible nightglow horizon.
A quick exchange film cassette would be used for 20 to 30 exposures, or
more if schedules and weight permit. About 300 mw of power would be

needed only during actual pointing of the camera and operation of the shutter.
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Yirrng ool fow (armia Row Chrewvations Abcord the

s

Liarmad Cvhita) Laboratory (MOLU)

Cozmie Doy Bronch, Iveleondces Divisicn
1", 3. Maval Fegearch Laborakery

w. Seientirfic Ovlestives:

-

(1) To invesiizele tha ctupssiticn, flux, and erery) spectra ¢f the
.) ¥ 2 2 GJ 65
nuclecnic cumenant of the yrimory cosmlic radletdon ow teide of the earth's
gbsorbing slwocd
(2) Te study the primary y-ray and clechron compenents of the primaxy
radlation shont which listle is now knutp, Directlonel investigations ¢f
yerays (i.e., "gomma-ray osiron 7)) will be puvsued, explolting the assistance

of astronanis (cf. below).

(3) %t 4a planned ©o meke the fovescing cbzery ;ations as a function of
time, end in rarticwlaw of i phase in the golar cyele.

(1) wnhile purcaing the mein prograns ahove, the physiclsis will, of course,
be searching for rare rarticies and other novel piaencmens, that might conceive
ably eprear in the detesters owing wo the sbsence of en eir tlanket or ciher

everlying abscrber.

oy

(5) Bciee of the conterplatved exgerimental sfet-ups 731). permit the study
of hipgh-erergy particles of sclar ¢rigin, expecially during solar fleree.

IV, JImeortance of the Tregren:

The cosrdc-ray ccomposition well outside the earth's atme.sphere is
deduced, st present, mainly by extropclation. Yet 3% 32 that coomposition

v e

which 18 meot relevant to rroblems in space eclence and astrophysics.
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a) to advsnce olmniZienwily cvi kneododge of this irmartant phencmencn in sp

ane (D) <o walte elvontass of the nroveace of astronauts in MOL fcr manval assigy

of smeversl. closely relasod emseriments vhich vill complement each other and

enhance +ha reliebhility of whe measurcrents madz in each.

N ® an o o o Teemm mymved o P. .
YEE, Deserimeion of the Fperineny .

4
Tt is intended to emsloy soveral methods of detection: nuclear researchy
emulsicns, several tvpes of counters, and spark chorbers.

A schematic tabulation of the experimentcl pregram ie shown below:

—~E.

Detection by

Petecticn by
Subject of Txperimant (o‘! nbers Buclear Recearch

Erulsgions

Primery Cormiec Ray Tucled

(Espec:?.::.lly zZ 5 2) Cerciakov Application of

e Sclid State latest techniques
" - . Secintillation and develcopment of
1 WS ol en o oM
(Solaxr Particles o3 vell) . _ e ‘technioues

including chemical

-Roys and Tlcernons ] i
Phod 12345 uiBiis processing in space

Y-ray ascroncsy

(a) Configuration of arraorsius

See Atch A. The reguircments for each of the three parts in this
program ere listed in separate columns on each attachrent sheet, vhere

necessary.
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(o) Support Bquipment Required

Sec Atch B.

(c) Euperimental Proccdure

Since our intention is to weat least tvo different systems for
detecticn, the opere.t:lon L ea.ch vill be described scparately.
1. Detection with nuclearresearch emulsions vould require the astro.

naut to place a package coateining the ewlsions outside the MOL en

a bcom vhich he wvoudd erect. The rackage ‘rould veigh 10-20 lbs.and

vould remain outside for times renging up to several days, depending

é
N,

cn the experiment. It could be brought up to the MOL by "ferry" end
} returned the same way, after cxposure. Its recovery is essential
since muclear research emulsions must be procesged and then examined

under a microscope to find the tracks produced by charged particles.

g, L o~

Another extremely helpful intervention by astrcnauts would be the

chemicel proeessing of nuclear emlzion aboord the ML, wh..ch vorld

" 4‘ restrict the prohibitive backgmuﬁd of trecks that nev makes it
2lmagt impossidble to detect primary electrons oc goume rays vith

this useful detectox.

2. Detection wvith counters and gperk chambers reuld mest likely

require these aj:pera‘mses t6 be in place on the MU vhen leunched

and to be placed into gperatisn by the geircnsut vhen a succesaful orbit
has been achicved. Tata could be telemeieored from eounters, but cameras

vill probably b2 required to photogroph the spork chambers. Various
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ing £41m in the cameras.  Buergency in-flight repairs could elso be
accomplished by him. See Atch C. o
d. Category of Bxperiment o
Category (1). These experiments would contribute directly to MOL
program cbjectives through their need for end critical utilization
of the estronaut's services. Among the requirements thereby imposed
E on the design characteristics of the MOL are the folloving:
(1) An air lock o iemit extension of apparatus on a boom
outside of the vehicle. |
(2) Provision of & "dark-room” or dark-chember space of about
1 cubic foct for chemical p_x-ocessing of miclear research emulsions.
This requirement - vhile highly desirable -~ may be considered

‘marginal.
e. Cost
S8ee Atch D.
f. Schedule o

(1) PFacilities nov in existence at NRL or under development
could provide hardvare and softwvare for this progrem.
(2) same as (1).

IV. Participating Government Agencies

Bponsor: Office of Naval Research. A
Scientific Equipment Acquisition: U.S. Naval Research Laboratory.
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Additional Requirements

a. Special Securitx } _
Strict envirommental conmtrol on ground before launching spparatus

either on MOL or on "ferry",
b. Manning Descrirtion Summary ‘ ‘ i
See Atch E. |
¢. It ia not elearbto us what information is sought here. We shall
try to f£ind out, and then supply the required data.
d. Facilities o
Existing facilities will be used for construction and pre-flight
testing of equipment. |

e, Simletion and Training
(1) Astronaut:

'(a) Emlsicn experiments: Astronsut would, on occasion,

follov prescribed mechanicel and chemical ﬁrocedixres at the
level of o technician. A;ppro::lniately ko hours of training

would be required.

(b) Electronic experiments: Astronaut vould, on occasion, follou
prescribed mechanical and electronic check-cut procedures.

Scme detailed knovledge of the apraratus and its verkings would
be req_u:lred at the level of an electronic engineer. Approxi-

mately 100 hours of training wculd be required.
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e. continued ...

(2) Grownd Personnel

(a) Emlsion experiments: No training requirements. s
'(b) Electronie expérimenta: Ferscunel trained to ha._bd'le’
commind cation-receiving equipment. Approximately 4O hcurs
of technician-level training would be required.

(5) Equipment |

" . No additional equipment requirements.

vI. General |
a. Communication end Deta Handling Requirenent. See Atch F.
b. Development Characteristics: BSee Atch G.

Additiqnal background information _on> this rroposal and
on the Cosmic Ray Mch can be found in the attached

preliminary version of this prepssal.

)
% ’,/%// ///(4, GAYD =

Maurice M. Shariro
_ Principsl Investigater
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ATTACEMENT A
DESIGN CEARACTERISTICS TEST EQUIPMENT

CHENICAL
1. MRUIPMENT 70 BB TRSTED ENULSION PROCESEING ELECTRONIC
Cerenkov  Bpark
8cint. Chembe
il 2. vEIoEr 20 1 30 b NAS A
3. VOLUME:
- Btored: 1104 1 £t° 1% 10t
In Use: 11e 1 0¢° 206 10 2¢°
- ks CRITICAL DIMENSIONS - SHAPES N.A. N.A. N.A.
L. POWER .
a. Contimious «Q0.lw R.A. N.A.
b. 8tand-dy " " "
¢. Average operating " " "
d. Peak " " "
e. Duty cycle continuous " "
5. BPARES
a. Volume NOME NONE N.A.
b, Quantity " " "
c. Weight " n "
5. TOOL3
a. YVolume NONE NONE N.A.
be Quantity n " "
c. Weight n n "
d. Power " n "
» HEAT OUTPUT 0.1l v N.A. R.A.
+ BTARILITY R.A. H.A. "
8. Moving parte " " "
n "

+ VIBRATION LIMITS v
*N.A. = Bot Available
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14,

15»

16.

17,

Wi a8,

21,

bre {f LAEDAS

222a?00 (Lire, explesion, elecirscal;
toxtes, otherey ~ -

TEMPERATURE LC{ TATLOMS

T¥PE ARD RANGE O MEASURFMITY
(definiticn of pavameters Lo be
meegured while {ent is undervay, »
SPECIAL ENVIFWMELTAL REQUIRFUINIS

CRIENTATAON ANC FISYTION AGCURACY

REQUIREMENTS ¢

Station

Equipment:

EQUIPMENT OPERATING CYCIE
Frequency

Time Duraticn

EQUYPMENT LOCATYON REQUIREMEHTS

SPECIAL MOUNTING RAQUIREMENTS
Apertures

EBoons

Windowrs

Antennae

Bracketry

PRESSURE VESSELS - flvids, gasses;
etc,

BIZCTRO MAGRETIC INTERFERENCE
(spuricus generatlen, spacial ghielding
requirements, ete.)

MATNTENANCE REQUIRFMENTS

Ground

Epace

ENLsron
KReA,
NONE

Min. Noge
W %45°%

NONE

Avoid
Radicactiv,.

Various
+ 30 to ¢ 5°

Depending
NN exp.

eontinunus

Outside
Vehicle

1 2
20 £t
NONE
“
YES
NOUE

See 12

See 12
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CEEMUCAL
PRAGKSSYIG

N(A»
KONF

687F

Temp.

Avold
Radionetiv,

ONE

1.2
1.2 hrs

Ynside
Vehicle

NONE

1

Fluias

NONE

See 12

EIECTR NI
N.AL
L]
| 4
o
Avoid
Radicactiv
n.*l
‘tl
continuous
"
Outside 1
Vehicle K
" N.A. =
S8
-5
n %
. %
%E
. b
" ‘ 3
=
B
X
" 'E?:?.ii:

3
i

e

|
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ATTACHMENT B
TEST SUPPORT EQUIFMBNT

CHEMICAL
DULSION FROCXSSING ELFCTRONIC
1. RECCRDING MEDIA
a. Tape RONE MR 8
b. Kln Nuclear » .
Enulaicn
¢+ Other’ NONE HONBE Telemeter
2. BARDLING (specim} equipment required " " NONE
40 handle jtoms teing tesied).
3. PACKAGTNG " " "
L, CALIBRATION - sdigameni, deployment YES " YES
S. JIO8 AND FIXTURES KONE " N.A.
6. NUMBER OF LEADS FROM OUTSIDE TO " " "
INSYDE STATION
7. SENSORS (TRANSDUCER - OUTEUT S/CNALS) " " "
8. mAmms/enmmns ] " " "
9. INSTRUMEWTATION - cockpit and/or leborpatory © VxS ES :
(note cffect of time - . i
sharing instruments with
other experirents). ;
10. RELATED SUPFORT EQUIPMENT 5
a. Targets NOWE NONE NONB
b. Ground Btaticns u YES \ES
e. Tracking i(ES NONE w i}
i |
d. Handling Equipment . "TERRY" “FERRY" "FERRY" i;'l
1. AGX
12, IEXVIRONMENTAL “EST EQUYBRENT YIS MONE YEs
13. PACILYTIES 0
}

A-223
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TEST OFERATING CHARACTERISTICS

1. ORETTAL PARAMEIERS (desired)
a. Altitude -

b. Xnelination

¢, Bpoch
. 8« Bllipticity
2. PIANE CHANGE
3. AIITTUDE CHANGE
b, TIME ON OEBIT
5. TES? DURATION
6. TOPAL NUMBER OF TESTS
7. TES? FREQUENCY
8. XDIFERVAL BETVERS TEOTS
3. CREW TASK IOADS - pan how's
CREW TABK FREQUENCY
_ 1l. FIEID OF VINN EEQUIREMENTS

12, GROWD CONTROL LIAISON
DUSATION

13. GROWND COIROL LIAZBON
FREQURNCY :

14, EXTERNAL TEST TYBMS:

a. I.a.unched from Staticn
b. launched from resupply
¢. launched from ground

15. QUALIFICATION TESTS (other

Q. Gmunt_i

b. Auwnosphere

FEMJLSLoN

100-200 mles

Clree -ts Equatcrial
and R.lar

Over Bolar Cycle
c:lxcula.r.
m' _

"
DAYS
12 hreb8 hr
Several
Continuous
One f¥onth
~1pan br _

~ 2 operating

"~ 2 x 8olid Angle

EOSE

than space’

A-224

CHEMICAL
PROCESSING

Mo
Hequirmmeals:

"

~ 1-2 hrs
Several
Onoe/anm
K]

~ 1 man hr

« 3~k opersting -

BIRE
KORE

NO

Yes, on MOL

"1 run hr/dsy

- 212 brs
Beerel
Continuous 8
Owfrugn 3

~ 2. cperstirg )
intervals/dsy

-2 R sénd J“l‘:u -:

Intermittent

Yes, on 61
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16. Seguence of events as they
occur during flight

17. Handling Procedures

Bmilgion

(a) Tmitiating
operation

(b) Attach tc
boon

{c) Extend
bocm

(a) Exposure
internal

(e) Retract
bowm

(2) Shut dowm
cperaticn

Included vnder
16{a) and 16(f)
Details N.A.

A-225

Chemical
Yrocessing

(a) Install
emmlsions

(b) Developer
operaticn

(c) Shut dovm
operation

" fncluded under

16(e) ana 16(c)
Details N.A,

Electronics

N.A R]

N.A.
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ATTACEMENT B
MANNYNG DESCRIPTION

ASTRONALTS

[:

be

Ce

d.

i.
J.

Nmber tequirﬁ XN EERENAENRFNENNRENNN R EEN XN NN N ] !

(1) Man's function

(a) Ac part cf test coeecsecscarssaccae

(b)  As techniclan conducting test......
Crev ekill reqUIrements «evversseeveosevonnes
MATpOVEr PrOfLle «oeveeerieerennvnsnnsoeenans
Critical TUCEIONS eeverevscersenrcrasnssnas
Work Positions c.cccecevssccsecccccsersoacans
Time Controlled TRBKS ceccrservcscbovscnccsne
Human Ferformarce MeasuresB .vecvessscccscoscs
Frysiological and Psychological Measures ....
Selection Facters ....................»;......,

Tr&ining Requ.irelnents Trevsves 00800000 rsEne P

GROUND PERSONNEL

a. I!umbér required::Bmdsion Exp. « 1; Chem. Process. « 0; Electronic « 2

Co
do

(-

(1) Man's function
: (a) As part of test cvvveeesveorsonncns
(v) As technicien conducting £eSt vures
Crev 8kill Requirements ......................
Manpover Profile ccciceececrscsocessocrsosase
Critical PUNCiOns suveecessesesenensanesvese
Viork Positions ‘.'...........................j.’
Tine CODLIOLLOd TASKS «.evvenrrnvennsnsnsnnse
Human Performance MeABUXeS8 seeccvescscsoscces
Phyeiological and Prychological Measures ....

Belecticn hmra D,"OO.QQO.JOO.Q;.n...QI‘00

A 997

iy

Yes

- Bee V(e)

In/or out of MOL
Yes

None

Bee er)

Yes

See V(e)

"

At Voice Comm., Cemter
to advise Astronaut
Yes

None

See Vie)
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ATTACHMENT ¥
COMMUNYCATIONS ARD DATA HANDLING

”

1. DATA RMB - 1000/ntn.
| 2, JFORCTIONS T0 EE NEASURED  Voltage pulse
3. TIPE OF ANALTEDS RWIRED . M. A. 3
4. PICTORIAL DATA REQUIRED 4 \ ‘Oscilloscope-type photogro,ph’
5. KEAL TINE MONITORING REQUIREMERTS Yo
6. DATA EDITING OR COMPRESSION g f:obabl: canpression
7. READ-OUT TIME - mA
8. FEQUINEMENPS FOR PERMANENT DATA RECORDS - Yes
9. MANUAL AND/CR AUIDMATIC CONTROL Mamalfor Automstic . |

10, SIMULIANEITY
11. GRCUND -COMMANDS REQUIRED ' ' fea, for in-flight repeirs




ATTACHVEST ¢
TEVILOFMENT (HARACTER/ETICS

oen.
Bmilsior Pracossing  Electromic

1. DEVFLIRMT TOME Yore “~&mo. 71 yre
2, WTAL DEFICTOUR T0ST ITSTLN TOE ~ 6 ro. ~ 6 mo, ~ 1 yr.
FI2MER OF 7RCSED LR FL:CKT TEETS PROLTRED - 2 ~ 2 ~h

Lk, TYFE OF VEVELCFIERST TRST TTENMS

a- Vacwum Chemver Yes Yo Yes
b. Shaker " Yes "
c. Thermal ’ " Ko "
d. Acoustic ¥o " "
e. Simlators " " "
f. Aircraft " " "
5. SUPFORY FRUF(FMENT DEVETOTMENT TIME None Pene ~1 yr.
6. BUMBER GF TEST ARTICLES FRQUIRED FDR:
a. Ground Test - 2 -l -l
b. Atmespheric Test « belloon flighkts - 2 — -l
e¢. Space Test -2 o ) ~ l
7. DATE AVAXLABLE FOR TEST3 1965 1965 1966
8. CURRERT LEVELOIMENT STATUS
a. Froposed oaly Ha Yes Yes il
b. Project or program is approved and test Yes XNo No |
item is under study « breadboard siage, etc.
c. Funds expended to date. SI".‘ None None |
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Prel lainary Draft o
Propocil for Cesmic Rey Otservations Aicard the

Mazned Ortiting laborztory (MOL)

tiosaic Ray Brauch, Nuclecnics Division
U~ S. Navel Researca lLatoratory

This is e prelimipary proposal for a proaram cf observetiions on the
primery cowssic rediation Gesigued {a) to advance significantly our know-
ledge of this imurtant phenomenor in space, aad (b) to teke advantage
of the presen.e of astrcnauts in MOL for manual sssistance in experiments
that would e extremely difficult without the presence of men. The time
required fur assistence by the astronavt will te minimal, but the nature
of the help will in some instances be ecrucial. The term progranp is used
advisedly, for the plan contemplates the performence of several closely
related experiments which will complement each cther and greatly enhance
the reliability of the measurements made in each. It is intended to employ
several methods of detection: nuslear ressarch emulsions, several types
of eounters, and spark chamters.

For 15 years, the Cosmic Ray Branch of the U. 5. Naval Research Labo=
ratory has been investigating various phencmera in the coemic radiation.
During the past dscade, the emphasis has been on the composition of the

primary rediation, together with related guestions such as ite energy

IR

spectra. Particular attention has been devoted tc the heavy primary nuclel T

of the cosmic redistion (whose biological effects on man in gpace are as
yet incompletely evalueted), and vital contributions have been uade to our

knowledge of this cowponent and of primary helium. During this decade i
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the principal eim hae been to elucidate the nature of the primery radia-
tion itsclf, and its implirations for space sclence and aetrophysice.
The mnln tool in thess investigations has been the photcgraphic ermulsion
technique, in which nuclear research esulsions are used es the detectors.
In the application of thie powerful method to cosmic-ray research, the
staff of the "Yogmir Ray Bransh in the Nucleonies Division of the U. S.
Ravel Research Labteratory is without question the mcst experienced group
of physicists in the United States. The names of the investigetors, to-.
gether with Quantitative date on their experience in this and elosely re-
lated specialties, are cupplied below. A later version of this proposal,
wvhich will be submitted several weeks hence, will list the relevart pub-
licatione of this group end supply vitae on the individual seientists.
Our present knowledge of the heavy nuclear component of the galactie
cosmic radiation as well &g the fast heavy nuclei from the sun has come

mainly from the exposure of emulsion stacks on high-altitude balloon

flights and rockets. By using emulsions of variovs sensitivities and grain

sizes, much hag been learned ebout the charge spectrum of particles with
Z > 2, near the top of the earth’s atmosphere and above it. Informetion
has also been obtained shout their fluxes and energy spectra. These par-
ticles have short interastion mean free paths and, therefore, observations
at balloon eltitudes are maede on an sdmixture of primary particles, plus
secondary ones coming from interactions in the residwal atmosphere above
the talloon. The cosmic-ray composition well outside the earth’s atmos-
phere is deduced, at present, mainly by extrapolation. Yet it is that
composition which is most relevant to prcblems in spa~e science and

astrophysinrs.

A-231




MSE

1 JULY 2015

clearly the sreat velue of yisval methods (photogrephic emulsion stackr,

2loud shorberz, “ubblz chembers, sperl chambers) in the explorstory phases
of regear-h Thu wilght required to cperate a cloud rhamber or bubble
rhamber is very sreat rcmrared to that for emulsions, and is alsoc greater

than that for spark chamberc. One of the distinctive advantages of the

emulsion technigve in space research is that it permits the collection of
o great deal of ‘afcuartlon per unit velght. Ite prineipal limitaticn is
the requirement of ralovery. Ascordingly, it is particularly desirable
to exploit this wethod of detection in missions where recovery is essen-

tial anyway.

Hitherto, opportunities for exposing nueclear emulslions in outer space

have been 1imited becsuse most vehicles are not recoverable. Also, with
the exception of the Goddard Genter's experiment, "NERV”, these exposures

bave been "parasitic”, and therefore, very little control was available

over conditions dwing exposure, For example, on the Discoverer satellites,

exposure of one pound of emulsion is possible only under 2 gm/t:m2 of
material, which is no better than a very high balloon flight.

With the advent of large recoverable payloeds, such as those in the
Genmini program, more suitadble exposure conditions for emuleions could dbe
obtained, e.g., it became feasible to expose & reasonabdbly large stack of

emulsione (one liter weighing epproximately 10 1bs.) with no absorbing
material between one surface of the stack and the gemith direction during
exposure.
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The Hational Aeronautics und Spate Aduinistretion has accepted cur
proposal (and a parallel ome by C. Fichtel of the Goddard Space Fligit
Center), for the exposure of exulslon stacks on Gemini vehicles. We are noW
astively engzred in the design of the Geminl experiments, scneduled for
iatach in 1965. The velusble ezperience gained in these space exposures
vill, of course, be Lrought to bear on the experiments now proposed for

ihe MOL.

Scientifie Objectives

(1} 7o investig,ai:e the coinposition, flux, and energy spectra of the
nucleon..: lozponent of the primary coemic radiation outeide of the earth’s
absorﬁing atxosphere. This would be done with stacks of nuclear research
emvlsion and, in perallel experiments, with arrays of (erenkov, solid-
state, and scintillation counters.

(2) To study the primary y-rey and electron compopents of the prie
rary radiction about vhich little is now knowm: Direstiopal investiga-
tions of 7-rays (i.e., "gauma.vay estronomy") will be pursued, exploiting
the assistence of astronauts (gf. belovw). The main detectors would be
spark-shambers; however, the develcpment of new emulsion techniques is
being explcred with & view to getting gamma ray ahd electron data by at
least twe different methcds. ,

(5} It is plecned to make the foregoing observations as & function‘
of time, &ard in particwlar of the phase in the solar eycle, assuning that

perticipation will be suthorized in sevexral flights,
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(k) while pursuing the muin prograus sbove, the physiilets wvild,
of course, le searcning for rere partizies and other ncve. fFhenonen: o

izipht wonceivelly apnear in tae detertors oving To the absené of an uty
Piaanet o

other sverlying coscrber.
(5.

S.me of the contempimted experizmental set-ups will peralit the

Rl

stucy ol high-chergy particles of sclar origic, especially during sclyr
flares.

¢

A schezutic tabulntiun of the experimental program is shown below:

A
g
— Detection by ,
Subject of Experiment ““f.:::t:’;sby Nuclear Research %
’ Fmulsicns o
Primery Comuig Foy Nuzlei P2
Cerenkov Application of PR
o & ¥
(Especially 2 2 2) Sclid State latest teckniques A
: . 3=intillation and development of A5
i_(Solar Psriicles as_well) new techniques “
including chemical e
-Ra d Elect o
2:Ravs and Electrons Spack Chamber.: processing in space : %3
7-rRy sstronomy ha
In some of the y~ray and electron experiments it will be particularly
valuable to have eloagated telesccpic arrays of counters. These necd not “
be heavy, but should be exteasible in at least one direction. The apparatus
can be compact during ascent end descent. Then, thanks to weightlessness,
§- and the help of astronauts, it can be eppropriately extended during ex~ *
4 perimental runs {some of them extra.vehicular) without cumbersome automatic l
! equipment. 3‘
‘. j‘
} ¥
{
i =,
T "y
i ¥
. A-234 g
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Another oxtremciy helpful intervention oy astromauts would be the
Y P

ohemisal pro-essing of auvelear emusion aboard tae MOL, which wowld ro
strict the nrohibitive bacteriund of itre~is that aow makes Jt almost
impossible to de2Cl prinary elettrent oY ZemTa rays with this useful
detector.

It is elso hoped to toke edvaantage of the possibility of returning
stazks of emusicn to earth after an exposure of suitable duration (i.e.,
2 sufficlently short expcsure to minimize interfering background)

Preliminary estimates of the weight, volume end power requirements
for these experimente will te furnished shortly in a supplcment tc this
preliminary draft proposal, together with Inforwatlion as to the type of
orbit desired.

The following physicists work ir the Cosmic Fay Braanch in the Nucleonics
Division of the U, S. Navel Researsh latoratcry:

M. M. Shapiro

(Prinsipal Investigator)

R. G. Classer

A. J, Herz

B, Hildebrand

F. W, 0'Dell

N. Seeman

R. Silberberg

B. Stiller
It is of interest to note that thess eight scientists possess an ayerage
of 12 years of research experience in cosmic radiation and high-energy

physics. Six of them have each had between ten and twenty years of such

experience. m ﬂ

Maurice M. piro, Principal Investigator
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PROPOSAL FOR DIRECT OBSERVATION AND PHOTOGRAPHY OF
THE WHITE LIGHT CORONA OF THE SUN AND SURVEILLANCE OF THE

SKY CLOSE TO THE SUN

by the

E. O. Hulburt Center for Space Research
U. 8. Naval Research Laboratory

Washington, D. C., 20380

1. Test Objective
It is proposed to equip the Manned Orbiting Laboratory (MOL) with a

device which would make it possible for an astronaut visually to observe the

sun's white light corona and also to record the corona by means of a camera.

Briefly, the idea is to erect an occulting disk outside the MOL capsule at as
great a distance as practical, and in front of the viewing window through which
the astronaut looks at the outside world. To view the corona the astronaut

would steer the capsule into a position such that the ocoulting disk precisely

covers the sun and casts a complete shadow on the window. Under these con-
ditions and in the absence of sky light the astronaut should be able to see with
his naked eye the corona extending from the sun in much the same fashion that
it can be seen during the total phase of a solar eclipse. With a simple camera
placed within the shadow of the occulting disk, it should be possible to record

the white light corona on photographic film. It would also be possible to detect
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exiremely small objects, or larger but distant objects, lying close to the
sun in angle, which would othervsss be completely invisible.

The white light corcna counsists of two parts, ¢1j The K-corona, produced
by free electrons in the sun's outer aimosphere, showing almost no trace of
Fraunhofer lines, and strongly polarized, is the more intense compoaent within
ane solar radius of the limb. This is the portion associated with the sun's
atmosphere and varying with conditions in the sun, (2) The F-corona, due
to scattering by dust, containing the Fraunhofer lines, and nearly unpolarized,
is more intense than the K~corona far from the limb of the sun. This is the
component which merges into the trus zodiacal light, which is sometimes seen
from the ground shortly after sunset or before sunrise along the ecliptic and
praduced by material in the plane of the eartk's orbit.

From eclipse photographs the K-corona is known to be of the greatest
interest. The patterns and shapes presented by it are weird indeed, and are
never the same from eclipse to eclipse. Streamers, some extending far from
the sun, seem to outline the sun's magnetic field. Tremendous chang'es take
place in the corona from year to year, and from sunspot maximum to minimum.
There must also be short-period changes, with solar rotation and with solar
activity.

2. Importance of the Test ‘

An important possible application of the direct observation of the corona
over a relatively long period of time is the possibility that the expulsion through

the solar corona of the ciouds of plasma that are known to reach the earth
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the corana, perhaps following a coronal streamer. The rate of travel away from
the sun of such a mass of plasma has been estimated from radial velocities
measured above flare surges by the Doppler effect, and from the rate of growth
of surge prominences that oocur on the limb. The velocities often exceed

600 km/sec. To travel one solar radius from the limb would require 23
minutes at 500 lkm/sec. It is within the realm of possibility that an astronaut,
observing the solar corona continuously over a period of one-half hour, might
see such an event taking place in the corona. This could very posaibly serve

a8 a means of forecasting the onset of a magnetic storm on the earth, or even
serve to forecast the occurrence of a severe proton event such as would be a
great hazard to life for an astronaut in space, if sufficient shielding were not
provided. An early warning would give the astronaut time to turn his vehicle

80 that the shielded side would afford him maximum protestion.

It is expected, of course, that the corona will be studied automatically
by means of orbiting coronagraphs in unmanned satellites. The advantage to

equipping a manned spacecraft such as MOL with the meana of observing the
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corona visually is that it should be possible under such conditions for the entire

corona to be studied continuouely, rather than at intervals of some 15 minutes,

SN

and with far greater sensitivity and resolving power than can be done with

automatic equipment from a small satellite such as the orbiting solar observatory.

T

Under these conditions, the chance of observing a small mass of plasma travelling
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out through the corona is much greater than with a small instrument of low

resolving power producing intermittent records. The human eye is probably
sble to detsct changes of this sort, with more sensitivity than can be done
through inspection of telemetered data.

Another possible application of such observations is the search for comets
close to the sun, or poseible objects near the sun. These objects cannot be
looked for from the ground at night, of course, nor can they be seen from the
ground if they lie very close to the sun. Dossin has reported the first
detection of such a comet during the total phase of the solar eclipse of July 20,
1963. With the coronagraph arrangement, provided that the ocoulting disk
could be made sufficiently effective, there would be a strong possibility that
any such objects could be detected in the field of view.

Another application of the coronagraph might be as a defensive weapon
for an astronaut against an enemy astronaut who decided to approech under
cover of the bright sun. Without a coronagraph it would be completely impossible
for an astronaut to see another object approaching him if the sun were within
his field of view.

The coronagraph would make it possible to observe debris coming out of
the vehicle with the greatest possible sensitivity. Looking close to the sun, /
the background would be black, except for the corona. But small objects,
{lluminated by sunlight, would shine with great brilliance, since scattering

at small angles is intense.
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8. Description of the Experiment

The coronagraph for MOL would consist simply of an occulter placed as
far from the capsule as pocsible and arranged to eclipse the sun by producing
a perfect shadow at the viewing window through which the astronaut observes.
Coronagraphs of this aort have not been used on the ground because of their
unwieldy nature, since it is necessary to employ a large occulter situated at
a very oonsiderable distance from the observer. The effectiveness of a oircular
occulter with a smooth edge increases in proportion to the distance between the
occulter and the observer. The moon lying at a distance of 240, 000 miles is
the perfect occulting disk, whereas a small occulter situated within a few feet
of the observer would be of little use unless it were designed in a very special
fashion, such as has been done for the coronagraph for the Orbiting Solar
Observatory. The diffioulty 18 in reducing the light diffracted from the edge
of the occulter until it is negligible.

The intensity of the light diffracted by the occulter can be calculated
qualitatively as follows: The total flux, F, diffracted from the ocoulter edge
18 proportional to the circumference of the disk of radius R. The flux per unit
area received by the observer is inversely proportional to the square of the
distance, D, between the observer and the disk, and directly proportionsl to
the circumference of the disk. Thus the flux per unit area is proportional to
B/Dz. Since R/D must remain approximately constant, in order for the

occulter to obscure precisely the sun, the flux per unit area is proportional

to 1/D.
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The first proposal is to employ an occulter at a great distance from the

capsule; the minimum useful distance is believed to be of the order of 100 ft

and for this distance, the occulter should be approximately 1 ft in diameter.
Greater distances would be far better. A simple occulter might be constructed
from an opaque balloon, arranged to be propelled away from the capsule until
held by some sort of non-flexible line. The propulsion might be effected by
mmsdaamﬂmjetandﬁxobaumwmlghtbeheldtotheoapmleby
means of a tripod consisting of three amall rods tied to the capsule in the

neighborhood of the window at a separation of some 6 or more inches. Under
these conditions all three rods would lie in the shadow of the balloon when it
was pointed at the sun, If the rods were made in the form of small tubes, it
might be possible to maintain the gas pressure in the balloon by flowing gas
through the tubes, otherwise some vaporizable material could probably be

used to maintain a sufficient gas pressure in the balloon to keep it forces out
against the three legs forming the tripod. The astronaut, when using the balloon
to obacure the sun, would be required to orient the capsule until the balloon cast |
a perfect shadow on the viewing window. He would then see the corona extending
beyand the edge of the balloon against the black aky. 'i
It is entirely possible that a single occulter would not reduce the light |

diffracted from the edge of the occulter sufficiently to show the corona unless #
were situated at a distance much greater than 100 ff. Touse a 10-ft diameter
balloon at 1000 £t is not an imposaibility. A simpler solution, however, might

be the uge of a double or multiple occulter. A double occulter would consist of

A-241




a pair of flat disks, the one glightly larger than the other, aligned perfectly
with the axis of the tripod. They could be propelled into position by a jet from
a gas bottle, and the bottle itself could be used as the mounting structure for
the disks.

It is difficult to estimate the weight and volume of such a system, It would
appear possible to provide a simple occulter for use at 100 £ for less than
10 pounds weight and a space of well under 1 cuft. The more complicated
type would probably weigh 20 pounds.

A second type occulter could be made in the form of a rigid spar supporting
at its end, a metal occulting disk of a complicated nature such as is being flown
in the Orbiting Solar Observatory. A reasonable length of spar might be 16 ft
with an ooculter supported on & short arm from the end of the spar. Gas pres-
sure oould be used to erect the spar and some kind of wire could be used to
pull it back into the capsule.

With a 16-ft length spar, the occulter diameter would be of the order of
2 inches. It would be necessary to use an occulter, either of the toothed
type employed in the Naval Research Laboratory satellite coronagraph, or
a multiple disk occulter such as is being used by Newkirk in the coronagraph
he is constructing for a stratosphere balloon. The weight of such an ooculter
would probably be of the order of 20 pounds and the volume when stowed 15
estimated to be a cylinder 2 ftlongand 3 inches in diameter. |

The window through which the astronsut would view the corona would of

necessity bave to be quite clean. This, however, is desirable from many
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other points of view. The camera for photographing the corona could be
band-held by the astronaut inside the window.

No electrical power would be required for the operation of the coronagraph.
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PROPOSAL FOR AIRGLOW SPECTROSCOPY FROM THE MANNED

ORBITING LABORATORY SPACECRAFT

by the

E. O. Hulburt Cexter for Space Research
U. 8. Naval Research Laboratory
Washington, D. C., 20390

1. Test Objective
An astronaut in Manned Orbiting Laboratory (MOL) has the unique oppor-

tunity of flying & high resolution airglow speotrograph, and recording the
ultraviolet spectrum of the night and day airglows on photographic film. Only
on such a mission 18 there available a sufficiently lomg time to record these
faint emissions at high resolution; the ability of the astronaut to point the
instrument at the brightest part of the airglow, and then to bring back with him
the exposed film is essential for an experiment of this type.

The night airglow in the visible and ultraviolet has been investigated by
the Naval Research Laboratory since 1956, using rockets and narrow-band
filter photometry. Recently, the Johns Hopkins University and the Kitt Peak
National Observatory have studied the day airglow with rocket-borne, scanning
spectrometer techniques. Both methods have produced results of great aero;

nomioal value in connection with the photochemical processes occurring in the
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upper atmosphere when solar radiation is absorbed, and afterward at night,
when the excited atoms and molecules tond to return to their ground states.
Toidentify fully the varlous atomic and molecular epecies present and the
reactions involved, it is necessary however to obtain spectra of far higher
resolution than presently available. This is where it {8 necessary to resort

to a manned vehicle such as the MOL with recovery of the photographic film,

2. Importance of the Test
There is a need for the Defense Department to know the complete spectral

character of the night and day airglow background over the spectral region
2000 -3000 A In addition to the longer wavelength regions accesaible from the
ground. In this particular region, 2000-3000 A the earth looks black from
above because of absorption by the ozone layer. For this reason, there is
much interest in airborne devices using this spectral range. The question
"what is the ultraviolet background' i{s frequently asked; only partial answers
can be given until the complete spectrum is known.
3. Description of the Experiment

It is proposed to furnish a high-?resolv!ng, high light-gathering power .
grating spectrograph for the MOL. The preliminary design is already available.
The dispersion, 20-25 4/mm should be adequate to resolve the molecular
band structures anticipated and the 6-inch focal length £/2 camera lens would -
provide a good exposure for the night aky to be made In two or at most four

orbits. Day airglow spectra could be recorded in a few seconds on the other
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hand. In order that appropriate exposure times are chosen, a photoelect

intograting system would be incorporated in the spectrograph to signal the _.
astronaut when the proper exposure time had elapsed. In leu of megmu.
a precaloulated table of exposure times could be used. It is antioipated mt
the astronaut would need only to point the spectrograph at the airglow ho
by turning the capsule, then push buttons to start exposures and actuate the ’*
flm transport. Polating would be dons with the ald of some sort of visusl  §
sighting device such as a small telescope boresighted with respect to the
speotrograph. An accuracy of pointing within 1/4° would be adequate but |
if this could not readily be achieved, inoreased exposure could be traded for
less accuracy in pointing, ‘
The spsctrograph vould be spproximately trapesoidal in shape, measuring
about 15 inches in altitude, 11 inches at the base, 6 inches across the top E
with a depth of 4 1/4 inches. The weight will depend largely on vibration
specifications needs and can probably be kept to within 28 pounds. It is pro- .
posed to mount the speotrograph inside the capsule, looking either forward or
aft. The light path through the capsule wall would be a oone of no more than
89 total angle with a quarts or sspphire lens of 1 1/8-inch diameter, both
imaging the airglow horizon on the slit and serving also as the window to
maintain pressurization. A cap or valve of some sort would probably be
required to protect the window from debris during the laanah phase and from |
the heat of re-entry. Electrical power consumption would be about 800 milli- _
watts only during times of exposure, with pulses used to operate the exposure '
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mechanism and to transport the film.

It is emphasized that, although the equipment described could be reduced
in size, weight, and cost at the expenae of spectral resolution, only an experi-
ment that yields data of this véry high resolution is worthy of consideration

for a MOL; less powerful spectrographs can be flown in unmanned, less

expensive spacecraft,
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GENERAL SCIENCE

A. Statement of Problem

A great number of purely scientific experiments have been proposed for MOL“®
that would contribute both to basic scientific knowledge as well as to a better:
understanding of conditions in space. These experiments are intended to take . g
advantage of the opening of a new frontier -- namely manned space flight, Theixg
importance lies in their relationship to technical developments and requirements;
for space flight, In order to understand the problems facing astronauts and - 23
what can be accomplished it is necessary to provide a sound basis for scientific
hypothesis and factual scientific development. >

In response to a request, a large group of Naval organizations contributed |
a total of forty-five proposals for pure scientific experiments (including R .
geodesy) which are recorded in Appendix II. The problem confronting the MOL ~
technical panel was to categorize these experiments and choose those that may fig
contribute to a program which could yield scientific knowledge of value. ¥

B. Development of Plan for Naval Experiments ;f‘

In order to develop a plan, the proposed experiments were first divided
into three categories, Experiments of category I consists of those which are
vehicle or mission oriented. As such they do not play a major role in the -
design of the vessel but they meet the objectives of the program by demon- 5
strating man's utility in space as well as providing urgent scientific knowledge.:
A knowledge of the environment surrounding MOL is essential to a correct design 3
and utilization of electromagnetic devices, e.g., the plasma surrounding MOL e

may affect directly the operation of V,L.F. and H.F. equipment.

The second group of experiments are not as directly related to MOL as those :

of the first category, however they are deemed to supply scientific information ,'g
that may have a bearing on the operations of military spacecraft. For example,
the astronaut's ability to see near the sun as determined by the solar corona %
may have a direct bearing on his survival, . o K

Experiments of the last category are those of general scientific interest o

which may yield useful information at little additional cost, There were in

this category many interesting experiments that have physical implications and
will contribute to a knowledge of the environmental conditions of space, but b3
most were able to be carried out in an unmanned vehicle or simulated in some way. 'y

Experiments in each cateégory were further divided into scientific fields: 2
e.g., Plasma and Space Physics, Physics of Detonation, Weather and Related A%
Fields, Planetology, Geodesy, and a miscellaneous group which did not obviously
fit anywhere else, Lvery suggestion and proposal was carefully considered but - .
the great majority of the proposals were rejected. The major reasons for .
rejection of proposals were primarily that such experiments could more easily
be done in an unmanned vehicle or did not satisfy the objectives of MOL. Experi-
ments proposed for MOL by the technical panel are given in Table I, while
Appendix I describes each experiment in detail.

el
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The experiments of category I are largely concerned with the environment
of MOL, The Orbital Plasmas (Scatter) experiments will study the large plasma
cloud accompanying MOL, Such nlasmas have been detected previously and may
lead to a large radar cross-section for MOL or to enhanced detectability in
general, In a military operation it would be desirable to determine the
extent of such plasma clouds and the mechanism of their production so the
chance of detection can be reduced. The orbital plasma scatter experiments
are designed to study the extent of the plasma trail and determine their cause.

The Electron Density and Temperature Experiments are designed to study the
character of the plasma in the vicinity of MOL. Because of the size of the
space ship there may be a dense plasma (relatively) sheath developed near the
MOL. A knowledge of the environment of MOL is essential to a correct under-
standing of the electromagnetic transmitting and receiving equipment aboard
the MOL. Furthermore, the nature of the environment surrounding MOL may lead
to deleterious effects. In particular, effects produced by the simultaneous
application of ultra violet and a fairly warm plasma are extremely difficult
to study in the laboratory, and the surface behavior of metals may be affected
by the environment such that welding and/or metal working may be difficult.

The far U.V. Image Orthicon experiments (while included under another section)
are also discussed here for completeness. The applications of the U.V. device
will be to determine if the trails of spacecraft formed by leaking gas contain-
ing water vapor will be visible against the universal glow of the sky in the U.V.
Early dawn warning may also be provided. In addition it is estimated that heavy
air molecules striking the MOL surface at orbital velocities may produce
recordable intensities in the far U.V. so that an estimate of the relative
numbers of such molecules can be made, In addition to the purely mission
oriented aspects of the U.V. system, a complete mapping of the sky in the
1200-1700A° region can be obtained. As such it provides a measure of the main
emissions from early type stars and may provide a critical test of radiative
transfer theory as applied to early hot stars., Such information is essential
to providing a more accurate record of the energy output of the galaxy and may
provide information concerning interstellar absorption.

The Airglow Horizon photography experiment is designed to provide information
about the character and variability of the nightglow background over the earth
in a large spectral range. The usefulness of such observations arise in the

possibility of using the nightglow to determine a spatial reference for

navigational purposes. It is only from a man-directed vehicle such as MOL
that sufficient light can be obtained from the nightglow to provide adequate
recording. Attempts to carry out this experiment from rockets have failed for
lack of exposure time. /

In category II, the experiments of long range military interest are again
primarily concerned with space physics, emphasizing a study of radiation unique
to space. The cosmic radiation experiments will provide measurements of the
radiation received by astronauts during long voyages as well as the particle
radiation from solar flares.

The aims of the Airglow Spectroscopy experiment is similar to the Airglow
Photography experiment described in the discussion of category I, however, the
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;111ta1x pplxcxt10n~ are bOICMhat more lonn range. owever, it shoulo be n-

Anothcx completcly dxfferent application of the results may arise in Vela: Hé:
where an understanding of the high altitude emissions may be essential to a-%
detection of a clandestine nuclear explosion in_space. :i&;

Observations of the white Light Lorona of the sun may provide 1nformatxon
pertinent to visibility of objects near the sun, In addition it is possxbledg
that explusion of large amounts of plasma-from the sun may be visible whzch m ‘
allow prediction of solar cffects on the earth,

3
VR

In group III, those two experxments of general scientific interest that “‘g
survived the cons1derat1ons of the panel are primarily astronomical in design?i
and may contribute with little additional cost, Both experiments are primarily
nhotographical in-nature and use the photographic equipment on MOL, Both planef
and carthly pnotographs will be made. The absence of the atmosphere will contr:
bute to obtaining good views of the planets, Photographs of the earth will perm
a more precise study of the geology of the continental structure to be made, .,

v

C. bevelopment Schedule

All the general scientific experiments can be made to fit any reasonable =
schedule. liowever it is proposed that the following development be followed:

C.Y. o4 C.Y. 65 " CuY. 66 C.Y. 67 "C.Y. 68
Start plan- Complete plan- Lab. Models Fabrication of ‘Final installs
ning ning and initiate Completed final models and tion and Test

Lab, models and Tested start installa- :

tion in vehicles

D, ‘ihe cost schedule for the exneriments are estimated as follows:

FY 65 FY 66 FY 67 FY 68 FY 69 FY 70

Catenory 1

Urbital plasmas (scatter) .05 ' .6 o4 .1 -
.lectron Density & Temp. .2 .2 .6 S | .1
Far U.V. Orthicon included elsewhere ‘

Airslow iloriz. Photo. .2 o2 6 4 7 L1 --

Category 11

Cosmic Radiation - .05 J10 .0 0250 .3 .05 -

‘.‘-hltc nght COI‘Ona .20 02 06. 04 01 - -
AMrelow Spectroscopy” included "

Category IIl

Photo. of planets 03 .03 .03 .03 .03 .03
Geology of Earth .03 J03 L.03 .03 .03 .03
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F. Recommendations for future study

There remain several problem areas relative to the proposed experiments that
should be mentioned and will require consideration during the design and develop-
ment stage of the experiments, Several of these questions have to do with in-
tegration of the experiments while some have to do with direct questions as ‘to
experimental detail, In order to delineate the problems the questions wzll be
proposed experiment by experiment,

1, Orbital Plasmas (Scatter): Problems remain here to determine if the
radar transmitter and antenna would serve as the radiator, Further questxons
of ground support and correlation of data also remain to be resolved.

2, Electron density and temperature: The general techniques of this experi-
ment are well understood, however some development will have to be carried out
with deHaviland to provide an extendable insulated probe (uninsulated devices
are in general use), Miniaturization of the five channel recording electro-
meter should prove to be only a routine laboratory job,

3. Far U.V, Orthicon: Mounting of the T,V, camera in the MOL in the proper
aspect will require some study, Consideration of the problem of automatic ’
training of the equipment must also be considered. In general, the development
of the T.V. system seems fairly well defined. :

4, Airglow Horizon Photography: One of the major problems associated with
this experiment appears to be the maintenance of a stable platform during the
exposure time of about two minutes, It is possible that the astronaut may be
able to maintain the spacecraft heading with sufficient accuracy to achieve
correct exposures. However some consideration will be given to automatic train-

ing of the equipment.

S. Cosmic Radiation: Further work will be required to clarify the experi-
mental measurements with spark chambers, Film processing aboard the MOL is
desirable but may be too difficult to achieve. This is desirable in order to
prevent the nuclear emulsions from responding to extraneous particles.

6. White Light Corona: Occulting disks and booms necessary for this experi-
ment remain to be designed in detail as well as mechanisms to erect the occulting
structure outside of MOL., Success of the experiment depends largely upon the
ability of the astronaut to position the vehicle in the precise manner desired;
studies of the positioning accuracy must therefore be carried out and compared

with the requirements.

7. Airglow Spectroscopy: Recommendations fur further study here ,are much
the same as for the airglow photography.

8. Photography of Planets and Geology of Earth: Here the exact experimental
procedure must still be defined as experimental details were not written. It is
suggested that the cognizant agency investigate the procedures to be used., As an
aid they should consult with the U, S. Naval Observatory and Scripts Institute.




Title: Orbital Plasmas; Scatter Experiments

Description of Experiment:

The experiment consists in irradiating the plasma accompanying MOL with
beamed r.f. from a steerable antenna mounted on L.

the plasma will be observed at ground stations.

Radiation scattered fr
beams are to be controlled from MOL.

Direction and_frequency of

Test Hardware:

The experimental equipment will consist of a steerable antenna mounted on
MOL with tuneable r.f. sources also aboard the vessel. It is possible that t

existing radar antenna on MOL may be used for this purpose, The weight of th
equipment is about 50 pounds and will occupy a volume of 1.5 cu. ft. '

Test Procedure:

The experimental procedure is as follows:

1. The astronaut will select antenna directions and transmit for selected

2. Astronaut will steer antennas and change frequencies to optimize
scattering.

3. Several antenna directions will be -tried to obtain magnitude of
scattered signal as function of variables.

Test Objectives:

The detailed experimental program is:

1. To determine the size and structure of the large plasma clouds (or '
discontinuities) observed to accompany satellite, by Scattering electromagnetic
radiation.

2.

To determine the electron density and characteristics of the plasmas.
To devise a theoretical explanation for the existence of the phenomena.

‘f
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Title: Elcetron Density and LEffective Temperature

Description of Lxperiment:

These experiments are designed to study the plasma environment near [GL.
In order to carry out this program scveral retractable insulated prouvcs will
be arranged around the vehicle and the probe currents observed as a function of
applied voltage., Tests will be carried out in different parts of the orbit to
observe diurnal effects. '

Test tlardware:

The experimental equipment will consist of retractable Langmuir probes
arranged at five different positions along MOL such that sampling of the plasua
can be made at different directions relative to the orbital velocity. Probes
will consist of modified deHaviland extensible devices made so there is a thin
layer of plastic insulation over the stainless steel. Probes will be designed
to be extended to about 300 feet. A five-channel recording variable range
electrometer will be required so that currents from all probes may be recorded
simultaneously. The dynamic range of the electrometer should be designed to
record currents from 10-10 to 104 amperes.

It is estimated that recording equipment will occupy approximately 1/2 cu.
ft. and will weigh 10 pounds. The five probes will be mounted on MOL and will
occupy no more than 1/2 cu. ft. on the interior.

Test Procedures:

To carry out the desired test the astronaut will extend the five Langmuir
probes and record the current as a function of probe voltage for different
lengths of probes..- The probe voltage must be varied from negative to positive
values such that the electron and ion currents both reach saturation.

Test Objectives: The detailed experimental program is:

1. To study the electron energy distribution in the plasma surrounding MCL.

2. To determine the electron and ion densities in the plasma.

3. To relate the above factors to the propagation and reception of electro-
magnetic waves,

4, To study the formation, size and diurnal variation of the plasma about

MOL.
S. To relate the size and density of the plasma to radar cross section.

Such experiments can only be carried out in space wherc the proper conditions
exist. MOL is sufficiently larger than most satellites so that there should be
appreciable differences from other devices. There is a great deal of uncertainty
in the physical observations so that it is considered that personal observation,
initiative and interpretation on the part of the astronaut will contribute to
the success of the experiment.
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oﬁiitle: Space Studies using Far U.V. Image Orthicon

Description of Experiment:

- The proposed experiment is designed to study the night sky in the far U,V3
region betwecen about 1200A° and 1700A°, To carry out this experiment it is i
necessary that a U.V. sensitive orthicon and camera electronics be mounted at
the focus of a wide angle camera and appropriate display units be in the #OL.3§
The astronaut will observe and take pictures of the night sky on the T.V. displ®
under varying conditions of day and night. 3

Test hiardware:

The basic part of the expcrimental equipment consists of a T.V. .camera cn:f}
made up of the following: B . .5

1. Far U.V. sensitive image orthicon with camera electronics.

2. Wide angle Schwartzchild Optics (camera mounted at focus).

3. Camera control and monitor package similar to iavy BX-7 closed
circuit T.V, system, '

4, A synchronized movie or multiple exposure camera to photograph the
T.V. screen,

It is estimated that the clectronics for the orthicon system weighs 30 pound$%
occupies 1 cu. ft. and requires 70 watts during oneration, 'The total system isg;ﬁ
rackageablc in a volume of threc cubic feet with a total weignt of 40 pounds andd
power as indicated above. It is possible that the closed circuit T.V, may be oviRf
that uscd in the surveillance system. .

Test Procedures:

The astronaut adjusts the orientation of the spacecraft (and/dr T.V. cameraf, 4
system) in accordance with a pre-chosen schedule. He also adjusts the camera ¥
controls for best T.V. imagce and monitor for proper framing. T

Test Chjective:

The scientific objectives of this cxneriuental nrograi are:

1. To determine the utility of the far U.V, orthicon systea in providing
dawn warning. ‘

2. To study the trail of space vehicles (cspecially MUL) and rissiles (if
possible) to determine if there is sufficient absorntion by leaking water vapor
to leave a dark streak agcainst the bright night sky (in U.V.). :

3. To determine intcnsity of radiation produced by air molecular impacts
on OL.

4. To study subvisual aurora, day aurora and particle dumping zones in the
earth's atmosphcre.

5. To map the niglt sky in thc U.V. and in particular study the emission.of:
carly type stars, It is desired to corrclate the latter with radiative trans-... "
port studies as results may provide a crucial test of current stellar nodels.
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Title: Airglow llorizon Photography

Description of Experiment:

The purpose of this experiment is to study the night airglow emissions from
the upper regions of thc atmospherc. As the airglow horizon as scen from an
orbiting spacecraft appears as a line some 6° skyward from the earth's horizon
and is very faint, long exposures must be made from a stable platform.

Test Hardware:

Equipment used in the experiment will be a high speed camera fitted with a
grating in front of the lens to form an objective spectrograph. The thin line
of the airglow will serve as the slit and be imaged as a spectrum according to
the emission bands or lines present. The overall dimensions of the spectrograph
camera would be approximately 9"x 3"x 4" and the total weight less than 15
pounds. Only 300 milliwatts of power are required during actual pointing and
operating of the carera.

Test Procedure:

The astronaut will point the camera out of the viewing window while the
pilot keeps the spacecraft iieading steady. Exposures will be of the order of
two minutes. A quick change cassctte would be used to obtain 20 to 50 exposurcs
for a total time requirement of about an hour,

Test Ohjectives:

The objectives of this program are:

1. To study the structure and variability of the airglow in order to
determine its usefulness as a spatial reference for navigation of spacecraft.

2. To study the distribution of nightglow with altitude to provide
information for a comprehensive theory of the chemical processes taking place
in the upper atmosphere,

3. To determine if there is any variation of the nightglow with season
latitude or longitude.
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R{ /ED FOR
RE JuLY 2015Ti¢le: (Cosmic Ray Observations aboard MOL

' : : Description of Experiment: el

It is planned to investigate the composition, flux and energy spectra of 1
the nucleonic component of the primary radiation as well as to study the primayd
y-ray and electron components. In order to carry out this program nuclearw-{ ‘
emulsions will be placed outside MOL; observations will also be made by meansisi
of Cerenkov counter or spark chambers.

Test Hardware:

The experimental equipment consists of the following:

1. Package of nuclear emulsion; 10-20 pounds. : . : oy
2. Erectable boom to be constructed outside MOL after orbit is achieved.:gj
3. Cerenkov counter with small package of electronics having a combined :
weight of 5 pounds and a volume of 1/3 cu. ft, Y
4. Spark chamber with small package of electronics having a combined weightg
of 5 pounds and a volume of 1/3 cu. ft. o

-

Test Procedure:

After an orbit is achieved the astronaut will erect the boom outside MOL witly
the emulsion package in place on its end. The package will remain in place - k3
several days. After exposure it is highly desirable that chemical processing -
of the package be carried out in MOL so that further exposure of the package -+

will not take place,

Data will also be recorded by Cerenkov counters and spark chambers. The
Cerenkov data will be telemetered to earth via the telemetry system on board.
Spark chamber data will be taken by photographing the chambers during flight: "
This simply requires that the shutter of a camera integral to the spark chamber .£§
be activated., The astronaut will change the film in the camera after several o

hours exposure,

Test Objectives:

The detailed experimental program is:

1. To investigate the composition, flux and energy spectra of the nucleonic e
component of the primary cosmic radiation outside earth's absorbing atmosphere,

2. To study thc primary y-ray and electron components of primary radiation.

3. To correlate experimental data with solar phenomena. .

4. To search for rare particles and other novel phenomena that might appear
in the detectors.

o

-
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Title: Direct Observation and Photography of the White Light Corona of the
Sun and Surveillance of the Sky close to the Sun ,

Description of Experiment:

This experiment is designed to observe and photograph the solar corona from
MOL, Occulting disks will be erected outside MOL so that the sun's disk is
precisely covered. It will be possible to photograph the corona with a simple
camera under these conditions and it may be possible to detect small obJects
lying close to the sun which would otherwise be obscured.

Test Hardware:

~ The basic coronagraph for MOL consists of a 1 ft. diameter occulter placed
on a boom 100 ft., from MOL, For such a device it appears that the weight may
be less than 10 pounds and the stored volume of about 1 cu, ft. ho power
requirements exist for the operation of the equipment.

Test Procedure:

The astronaut first erects the occulting disk at 100 ft, outside MCGL. He
then aligns the spacecraft precisely so that the occulter covers the disk of
the sun. Observations and photographs of the white light solar corona are
then made.

Test Objectives:

Objectives of this experiment are:

1. To obsecrve-the white light of the solar corona around the edges of the
occulting disk.

2. To photograph the solar corond,
3. To search for objects lying near the sun's limbs,

4, To determine if it is possible to observe the erruption of plasma from
the sun's surface,

S. To study the long streamers extending from the sun and estirate their
extent,




D FOR T3 ¢1e:  Ai
by 2015T1 tle: Airglow Spectroscopy

Description of Experiment:

This experiment is designed to study the spectral distribution of the nightt
and day airglow. It can only be carried out in a manned vehicle as demonstrat&d
by previous attempts from rockets and satellites, as only on a manned mission ¥
there sufficient time to record and bring back a record of the faint emission
at high resolution. A spectrograph will be on MOL and will be pointed at the:
airglow. Observations will be made either according to a table or timed by an¥
integrating photometer, : 3

Test llardware:

The f-2 spectrograph to be used in these experiments is trapezoidal in shapéf«
measuring 15 inches in altitude, 11 inches at the base, 6 inches across the top*
with a depth of 4-1/4 inches. The weight depends largely on vibration specifi-*&
cation needs and can be kept to within 25 pounds. Mounting of the spectrograph™7%
will be inside the spacecraft such that the equipment looks either forward or 4%
aft, The light path through the capsule wall will be a cone of no more than s%ds
total angle with a quartz or sapphire lens of 1,5 inch diameter, both imaging -G
the airglow horizon on the slot and serving as a window to maintain cabin X
pressure. Electrical power consumption would be 0.5 watt during times of
exposure with pulses used to activate the shutter and transport the film.
The dispersion of the spectrograph is 25A°/mm.

Test Procedure:

The astronaut will point the spectrograph at the airglow horizon by turning .
the spacecraft and aligning it with an accuracy of 1/4°. (If this cannot be
achieved increased exposure could be traded for less pointing accuracy). i
Exposure and film transport mechanism will be actuated electrically after :
correct heading of the spacecraft has been achicved. Correct timing of the
exposure can be carried out by means of a photoelectric integrating system.

Test Objectives:

Objectives of this experiment are:
1. To record the ultraviolet spectrum of the day and nightglow.

2. To determine the photochemical processes taking place in the upper
atnosphere,

3. Study the application of the results of this work to navigation nrobleus.
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Photography of Planets and Photographical Study of the Geology of
the Larth '

Title:

Description of Experiments:

The ontical surveillance and photographic equipment aboard MCL will be
utilized in these exncriments, Pnotogranhs of the planets will be made at
the high resolution at different periods covering a pcriod of about 30 days.
Photographs of the earth will also be made to study the continential structurec.

Test llardware:

All the basic equipment required for these experiments will be aboard the
spacecraft for the surveillance experiments., Additional film may have to be
carried to record the additional observations required.

Test Procedure:

The astronaut will align the space vehicle and optical system such that
selected planets may be photographed. Exposures will be carried out according
to a table. Photographs of the earth under fairly low wide-angle resolution
will be made. Certain portions of the earth may also be studies under high

resolution.

Test Objective:

The scientific objectives of these experiments are:

1. To study the geology of thc earth's comtinents,
2. To study the shore line of continents and determine the width of

continential shelves,

3. To study the geology of certain islands and thcir structure.

4, To determine the possibility of observing ocean currents from iiOL
by studying changes in hues. :

5. To study photographs of planets during different parts of their
seasons (if possible}.

6. To compare results of MOL planetary photography with that fror

observatories.




T STeRET. APPENDIX B

Complete Listing of All Proposals for Experiments Received
by the MOL Technical Panel

No. Originator Title/Description
1 BUWEPS "Electronic Surveillance of Ocean Targets for
Ocean Surveillance." Intercepted electronic
emission from ocean shipping is utilized for
classification.
2 NPIC "Proposal for a Photo Interpretation Experiment

to be Conducted in a One-Man Gemini Satellite."
In-orbit development of MOL exposed high-resolution
film to permit photo-interpreter classification

of "targets of opportunity.”

3 BUWEPS "Optical Surveillance Sensor Equipment.” Deter=-
mines feasibility of combining men and a semi-
automatic recording optical surveillance sensor.

L NADC "Global Television Surveillance." Utilizes closed
TV system for classification and identification

of targets at night.

5 NADC "Infrared Mapping.” Surveys oceans and terres-
trial features including weather and icebergs
using infrared techniques.

6 NRL "MOL Forward-Looking Radar." Proposes one of three
radar possibilities for MOL ocean surveillance.

7 NRL "Tdentification of Ships." Proposes use of Mark X
(SIF) IFF equipment to assist astronaut in identi-

fication of friendly targets.

=
A
%

8 INS "Multi-Sensor Observation of Ocean-Based Target
Complexes." Assesses the ability of satellite-
based astronaut to interpret date from a variety
of scanning eand viewing sensors.

9 APL "Ocean Surveillence." Similar to 8.
10 NPIC "MOL Earth Reconnaissance and Surveillance."
. Utilizes photo interpretation and multi-sensor
N techniques to assist astronaut in determining
- which targets are of military interest.

B-1
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1 NADC
12 NRL
13 BUWEPS
1k BUWEPS
15 INS

16 NOTS
17 NRL

18 NADC
19 NADC
20 NOTS
21 NADC
22 NMC

4]

"Photographic Oceean Surveillance Test Program.” )

Assesses the capebility of a high-resolution
photographic reconnaissance system to perform
surveillance over ocean and coastal areas.

"A Photographical Study of the Earth From Space."
Similar to 2. .

"Visibility of Ocean Targets." Determines the
capebility of an astronaut to observe and report
naval forces with the aid of optical devices.

"Cooperative Shipping Surveillance Experiment."
Effectively reduce ship densities through use
of a cooperative system that will permit
selected ships to identify themselves.

"Visual Observations of Ocean-Based Target Com=~
plexes.” Assesses man's visual capability for
acquiring and identifying selected ocean targets
and target motion from an orbital platform.

"Visual Acuity Experiment.” Assesses the astro-
naut's ability as a surveillance instrument to
observe, describe, record, and interpret detail
of objects and areas from an orbital platform.

“"Infrared Scanning of Sea Surface.”" Analyzes
infrared signals generated by small ocean arees
and determines opaqueness of cloud cover.

"Night Surveillance."” Utilizes en image intensi-
fier direct-viewing device for observing the dark
side of the earth from the satellite.

"Infrared Detection of Ballistic Missile Launchings."”

Determines critical perameters for infrared de-
tection of ballistic missile launchings.

"Infrared Sea Scanper." Similar to enclosure T.

"Ocean Surveillance (Sonic-ASW)." Sonobuoy sig-
nals received in the MOL are used to classify
ocean targets.

"Ocean Surveillance Radar Perametric Tests."
Utllizes variable radar parameters in MOL to
determine optimum configuretion for rader in
future manned satellites.
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23

24

25

26

a7

28

29

30

31

NADC

NOL (WO)

NADC

BUWEPS

NADC

BUWEPS

Determines

"Radar for Ocean Surveillance.'
practicality of radar for ocean surveillance and
optimizes system parameters for this and related

applications.

"Buoy and Mine Field Interrogation.” Determines -
the feasibility of establishing a sonobuoy or
mine field surveillance system in MCL.

"Beacon System." Tests feasibility of using MOL
in search operations for air crash or ditch victims.

"Manned Orbiting Laboratory Combat Information
Center." Determines feasibility and establishes
the technological basis for the development of
combat information centers aboard manned orbit-
ing satellites.

"VIF Commnications Experiment." Determines feasi-
bility of continuous VLF communications between
astronsut and U. S. ground stations.

"A VLF/HF Radio Propagation Experiment Involving
the MOL." Investigates HF and VLF radio-wave
propagation through different portions of the .
ionosphere.

"WLF-HF Electromagnetic Communications." Deter-
mines VIF communication effectiveness, measures
VLF-HF dipole antenns impedance and wmeasures

propagation characteristies of VLF-EF radio sig-

nals through the ionosphere.

"Space Studies Using Far-Ultraviolet Image Orthicon
Aboard a Manned Satellite." Measures the effec-
tiveness of an ultraviolet image orthicon for UV
star mapping, dawn warning, viewing subvisible
auroras, satellite gas lesks, and exhaust trails.
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33 NRL
34 NOL (Wo)
35 NADC
36 NADC
37 NMC
38 NRL
39 NOL .
(Corona)
40 NMRI
1 NADC
42 NRDL
43 NRDL

"Neutron Flux and Spectrum Measurements in Space.”
Utilizes neutron flux measurement for interception
and identification of unfriendly or eggressive
satellites.

"Missile and Aircraft Signature." Proposes IR
and visual survey including spectrel distribution
of rockets sgeainst earth background.

"Laser Surveillance System.” Utilizes laser to
determine cloud cover and sea state with secondary
objective of satellite surveillance and laser-
illuminated photography.

"Basic Emitter Density and Location Experiments.”
Determines ELINT gathering capsbilities of MOL.

"Space-borne Manned Electronics Surveillance.
Determines ELINT gathering capabilities of MOL

and tests vulnerability of U. S. Fleet to electronic
surveillance from space.

"Selective Radio Spectrum Interception.” Similar
to Nos. 17 and 18.

,"ELINT Analysis.”" Analyzes ELINT data in MOL

to determine features such as frequency diversity,
pulse compression, and other techniques not
easily determinable in unmanned satellites.

"Project ARGUS Contributions to MOL." Utilizes
Project ARGUS determinmtions to attempt resolution
of MOL psychologicsl problems.

"Comparative Evaluation of Terrestrial and Orbital
Ratios of Potentislly Useful Working Time to

Sleeping Time." Records and measures the terrestrial
time course and the orbital time course of sleep,
drowsiness, and alert wakefulness of a MOL crew
member.

"Nuclear Radiation Personnel Monitor for Space
Flight." Determines criteria for development

of personnel radistion monitor for space flight.
"Heavy Particle Dosimeter.” Distinguishes between
the protons and the heavy charged particles from
primary cosmic radietion.
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Ly ONR
4s ONR
46 NOTS
L7 ONR
L8 ONR
Y] ONR
50 ONR
51 ONR
52 ONR
53 ONR
54 NRL
55 NRL

"Personnel Compatibility Predictors."” Use Opera-
tion DEEPFREEZE personality prediction techniques
for selection of MOL occupants.

"Vigilance and Diurnal Cycles." Explores work-
rest and diurnal cycle correlations.

"The Behavior of Simple Spores in a Space Environ-
ment." Observes and studies the behavior of
spores under conditions of high vacuum and radiation.

"Aids to Vision and Protection." Determines the
effectiveness of filters under conditions of
white out haze, etc., and the use of & photo-
graphic lens system for protection against "flash-
blind." »

"Electromagnetic Auditory Masking." Determines
the effects of the space environment on man's
acoustic sensations.

"Human Troubleshooting." Explores man's efficiency
in MOL as a troubleshooter.

"Human Visual Efficiency." Measures man's ability
as an observer from the MOL.

"Environmental Odors." Investigates the effects
of human odors and anti-perspirants upon team
effectiveness.

"Gravity Retraining.” Measures the efficiency
of space-borne training simulators to recondition
the astronaut to gravity-state prior to re-entry.

"Physiological Accompaniment of Gravity-Free
State."” Explores the gravity-free state in
relation to man.

"Orbital Plasmas Characteristics.” Determines size
and characteristics of plasmas which will attend
MOL. '

"Electron Density and Effective Temperature.”
Studies plasma environment in the vicinity of
MOL.
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"Cosmic-Ray Observations Aboard the Manned Orbital
Laboratory.” Utilizes emulsions, counters, and spar:
chambers to measure cosmic activity as a function
of time and solar cycle.

"Proposel for Airglow Horizon Photography From the
Manned Orbiting Laboratory.'" Measures airglow composi-
tion as a function of latitude, longitude, or seasom. -

"Proposal for Direct Observetion and Photography of
the White Light Corona of the Sun and Surveillance
of the Sky Close to the Sun." Measurement of the 6
corona and sun surveillance are accomplished during %%
a simulated eclipse utilizing an occulting disc be-
tween the sun and the MOL.

"Proposal for Airglow Spectroscopy From the Manned
Orbiting Laboratory Spacecraft.” A spectrograph and
film are utilized to obtain the high-resolution ultra-
violet spectrum of airglow.

"Flare Dynemics and Prediction.” Studies solar flares
by determining the hydrodynamic motion of various
ionic species and the state of the plasma.

"Doppler Frequency Shift and Celestial Navigation."
Utilizes doppler shift from three fixed earth readio
stations to obtain the space vehicle veloeity vector.

"General Test Experiments.” Determines mode, velocity
of propagation, and generating mechanism of the geo-
magnetic field through analysis of time variation
measured in space.

"Sea-State Determinations From Menned Orbital Laboratory."
Tests the ability of an astronaut to measure and re-

port sea state at a designated observable spot on the
ocean surface. ’

"Measurement of Near-Space Dust Particles." Utilizes
back scatter from a gas laser beam to determine
perticle description and population in the vicinity
of MOL

"Weather Observation and Prediction.” Visual/optical
terrestrial atmospheric conditions are reported via
two-way radio to assist in forecasting weather trends
on a continentsl basis.
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"Investigation of the Earth's Horizon in the Infrared."
Utilizes measurements of the earth's IR horizon as

a function wavelength, spatial distribution and solar
illumination angle to determine the apparent nature

of the earth-atmosphere-space boundary region.

"Effect of Zero Gravity on Liquid Helium." Uses photo-
graphic and pressure measurement techniques, together ' -
with direct visual observations to determine the be-
havior of liquid helium under zero-gravity conditions.

"Astronaut Monologue Broadcasts." Broadcasts are made
by the astronaut to nations in their own language
vhile the MOL is visible to them.

"Pyrotechnic Communication Experiment.” Tests the
feasibility of a possible emergency communication
system utilizing pyrotechnic charges triggered by an
orbiting astronaut.

"Photogrammetry of the Solar Planets." Recognizes the
advantage of high-quality planet photogrephy tdken '
above the earth's optically disturbing atmosphere.

"Photogrammetry of the Geology of the Earth Continents.
Provides photographs of earth continents for analysis
by competent earthbound geophysicists. v
"Mass Spectrometer Experiment.” Categorizes and identi-
fieé ionized particles in the region of the spacecraft.

"Gas Chromatograph Experiment."” Utilizes a simple and
miniature gas chromatograph to determine the gaseous
constituents of the atmosphere surrounding the MOL
spacecraft.

"Precise Measurement of the Solar Constant.” Utilizes
astronaut operated rediometer-type instrument to ob-
tein a more precise measure of the Solar Constant.

"Airglow Experiment." Proposes measurements outside
the atmosphere of illumination energy originating within
the atmosphere.

"Photogrammetry of Sferics.” Photogrammetry of light-
ning occurences from above the atmosphere would assist
the prediction and interpretation of weather.
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"Spectral Rediance Measurements of Earth-Cloud Cover."
A radiometer manipulated by the astronaut will yield
spectral radiance measurements of the earth and its
cloud cover.

"Optical Surface Experiment.” Studies the degradation
of an optical reflecting surface after prolonged ex-
posure to a hostile space environment.

“"Ozone Concentration Experiment.” Utilizes an astro-
naut for ozone measurement.

"Extra-sensory Perception Experiment." Attempts tele-
pathic communication between the astronaut and ground
observers.

"The Behavior of Relay end Switch Contacts After Pro-
longed Exposure to a Space Environment."

"The Effects of High Vacuum and Intense Radiation
Exposure of Explosives and Explosive Devices."

"The Process of Detonation Physics for Conventional
Explosives in a Space Environment."

"IR and UV Spectroscopic Measurements of Stars and
Planets From & Manned Space Laboratory."

"Oceanographic Observations and Interpretation From
Satellite Platforms." MOL multi-sensor data is
integrated and interpreted by an astronaut to pro-
vide oceanographic information for operational use
by sea-~based forces.

"Tracking Device." Determines feasibility of a laser
pointing and tracking device for a MOL communication,
navigation, or weapon function.

"Anti-Surface Laser Weapon." Determines feasibility
of utilizing a high-energy laser to damage sea-launched
missiles or aircraft targets.

"Earth Magnetic Field." Maps earth's magnetic field
and time variation and determines the feasibility :of
using this information for guidance purposes.

"Geodesy." Determines feasibility of using MOL for
mapping military targets in inaccessible areas of
the world.
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